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I M «u M, m o b b » !

H ow H N, n 33 3 Z, e

23 0O o 0, o Ko 0 » Yu, yu

gJon T n P, p A A A a Ya, ya :

*7e initially, after vowels, and after », b; ¢ elsewhere.

“hen written as € in Russian, transliterate as yé& or &.

RUSSIAN AND ZNGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russilan Engii:h
sin sin sh sinh arc sh st
2C3 cos ch ¢esh arc ch
tg tan th tanh arc th Tanfi_
ttE cot cth coth arc cth conh T
sec sec sch sech arce sch seain_T
cosec ¢se ¢esch csch arc c¢sch 2520
Russian English
rot curl
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Page 2.
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Page 3.

Radio interferometer of Byurakansk obssrvatory to the wvavelength 73.

cm.
Y. A. Sananmyan,

In the articzle is given detailed description of tha radio
interfarometer of Byurakansx astrophysical observatory to the vave
73.5 ca, recently of introduced into action.

Introduction.

The described :adio interferocaeter was created on the basis of
aarlier than vorked on tha vava 3,7 a radiotelescope [1] by its
reconstruction for the shorter wave - 73.5 cm (408 MHz). In the

volume 2f works on recconstruction they entered:

1. Increase in the lengtn of western and average/mean east of

5
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the antennas of radio interferoaeter respectively 2 and 1.6 times.
2. Alteration of reflecting surface of antenna dishes.

3. Development and production of swivel gears for rotating
antennas with the help of central electric drive.

4, Develonment and nroduction of a new system of vitraters,

5. Development and productioa of radiometer on 408 MHZ (system

of preamplifiers and main recaiving-recording device/equipment).

As a result of recomstruction the total geometric antenna area
of radio interferometer achieved 7700 m»2, the extent of line the east
- west - 500 m (736\) wita the gap in the middle on 180 m (245r),
i.e., considerably smaller than the length of its antennas. This
system, as let us see below, has interference radiation pattern with
the sharply pronounced central lobe/lug vhose width at the level of
half power is 6 min and actually is deterained the resolution of

radio interferometer on the right ascension.

The effective area of two fundamental antennas of radio
intecrferometer (including losses in the feeders prior to the input of
preanplifiers) comprises aot less than 2000.13, vhich makes it
possibla to reliably record radio sources with the density of the

flov of 1-2 unity with the effactive noise temperature of
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preamplifier of 600°K, tha band of receiver 1 NMHz and time constant

of end device 4 s.

After the replacement of alaectron-tube preaaplifiers by the
lov-noise transistor amplifiers waich at present are
developed/processed, the sensitivicy of radiotelescope considerably

vill be increased.

CONSTRGCTION/DESIGN OF BADIO INTERFEROMETER,

Antanna dishes., Radio interferometer consists of four antennas,

general layout and sizes/diaensions of which are givem in Fig. 1.

Page 4,

Tha reflecting surrface of antenna dish has a fora of the
parabolic cylinder which is formed with the help of the flat/plane
parabolic farms/trusses. The latter are mounted on the metallic

struts, arrangad at a distance ¢f 3 m from each other (Pig. 2).

mirror itself is formed by 1.5~ma compound wires, in parallel
stretched to thase farms/trusses at a distance of 5 ca froa each

other with the help of the counpeasative springs (at the ends of each

vire) by the force of 10-12 kyf.
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Pig. 1.

Rey: (1). Bastern antennaas.

Pig. 2.

Page 5.

The system of irradiation and the cables of feed are placed

(2) . B@stern antenna.
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along the focal line of mirror, waich passes at a distance of 5.5 a
from its apex/vertex. BEantire systaem of irradiation, cables of feed
and coordinating elaments/cells of the sections of antenna are
suspendead /hung from three ain parallel stretched cables which, in

turn, are held on the metallic focal struts.

Systeam of the rotation of antenna. The antennas of radio
interferometer rotate cnly in the meridian plane. In the initial
version when radio interterometer workad on the ultrashort waves and,
therefore, it had wide radiation pattern on the declination, the
rotation of antenna was realized by hand, discretely through 2.5°.
After transition/juncticn to the shortsr waves the antenna radiation
pattern on the declination sharpgly vas throttled/tapered and this
rotation of antenna proved to be insufficient. Furthermore, as showved
practice, the operaticn of this system too labor-consuming and
requiras long time for the ad justment/exchange of the antennas of
radio interferometer of cne position into the other. It was suitable
for the survey/coveragde of the sky vhen infrequently it wvas necessary
to vary antenna positicn. However, after the reconstruction of
radiotelescope as a result of whica were increased its resolution and
sensitivity and, therefore, it became possible to use a
radiotelescope for the sclution of other radio-astronomical problens,
arose the requir2ment tc¢ revolve tns antenna of radiotelescope

rapidly, to smoothly and estaolish/install it with the large
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accuracy. Por this was worxed out the new rotary devics/equipament

whose overall kinematic diagram was given in Fig. 3.

Tha rotation of the eastarn and western antennas of radio
interferometer is realized indapendently with the help of electric
driva, For obtaining the necessary delay/retarding/deceleration are
used three standard reducars of brand RTsD-250 with the coefficient
of the raduction of each 1-24. In the reducar is used the electric
motor of the type AOC-12/4 wita the number of revolutions N=1360
r/min and the power W=2,3 k4. In parallel to ths horizontal
rotational axis of antennas is carried out the common shaft which in
the middle is connected directly with bilateral output shaft of
reducar. At c2ach parabelic farm/truss of antenna dish, in the center
of its rotation, is mounted the block with a diameter of 1 a, and
under it, on the axis of drive, is put on another block with a
diametar of 0.5 m. Both these of block ars mutually connected by 8-am
steel cable whose a2nds/leads are fixed/recorded on the housings of
blocks. This diagram is very simple and at the same time it ensures
the linear connection/communication between the rotation of drive

shaft and the antenna disn., One turn of drive shaft corresponds to

vkl - . -

the rotation of antenna in the limits of the operating range of
anglas of depression. For tahe target the decreases of frictional

force on drive shaft of tne axis of blocks are based on tha ball

bearings.
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Tha permissibls maximum shaft strass of reducer is aqual to 0.5
t, which by an order exceeds tae general/common/total force of the
iabalance of antenna. This maxes it possible to work in the presence

of small wind pressure.

Page 6.

#ith th2 high wiands and when radiot2lescope is not found in running
order, antenna dishes are fixed, [s developed/processed the braxing
system of antenna dish, which will make it possibls to work, also,

with moderate winds.

The dagree scales ara attached directly on ths shaft of electric
drive in its middle and at the ends/leads, and also on the rotational
axis of the outer and average/mean supporting faras/trusses of

antenna dish.

Th2 antenna dishes of radio interferometer ars turned around the
horizontal axis in liaits of 0-~160?, beginning from the southaern
horizon/level. The speed of rotation of mirror is equal to 89%/ain,

the accuracy of focusingsinduction in the declination - 15-20 ain.

2
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At present the rotation of saparate antennas is realized

independently. Are developaed/processed the systems of automation for

the synchronization of rotation and control of all antennas of radio

interfarometer from the central control desk.
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SYSTEM OF VIBRATORS.,
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Half-wave dipole with the coaxial slotted feed. As primary
sensor (irradiator) was salectad a 75~ ohm symmetrical half-wave
vibrator which is suppliaed froam the coaxial line with the
longitudinal quarter-wave slot (Fig. 4a). The selection of this

systea is caused by three fundamental requirements:

- obtainings possibly of aore unifora current distribution along
the focal lin2 of antenna, which will lead to an increasa in the

effective antenna area;

- guarantee of relianle protaction of primary feeders and

vibrator itself from the moisture;

- guarantee of compactness and lightest possible weight of

radiation systen.
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Fig. 4.

Page 8.

’

Pour-wave slot simultaneously transforas the resistor/resistance
of vibrator to the input of gyeneral/common/total feeder with

relationship/ratio [2)

R,=4RIR,; R, =2R,, h
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vhera R, ~ wave impadance of coaxial feeder; Fr - vave iapedance of

the section of slot (Piy. 4a, oetween points A and B); R« - output
k rasistance of vibrator; R. - transforaed to the coammon line

resistor/resistance (Pig. 4a, pcint A).

As shows formula (1) wnen R;<Rp~slot is step-up iapedance
transforaer. This property siaplifies the power-supply systenm of a
larg® nuaber of parallel-connected lov-resistance eaitters, vhich

occurs in the case of the descrioed radiotelescope.

Location of vibrators on tae antenna. Por the elongation/extent

} nine meters of the focal line of antenna are placed 24 half-wvave

1 vibrators. This group of vibrators subsequently we will count for one
section of antenna. Baca section, in turn, is divided/marked off iato
tvo parts on 12 vibrators in each. They cophasally are coanected up

the genaral/comaon/total coaxial feeder through a 92- oha coaxial

| line with tha slot.

Tha feed of group of 12 viprators is produced ir its center. It
cophasal, which is achieved by the selection of the junction of the

internal vein/strand of line to the laft or right edge of the slot of

vibrator. Tha distance petween two adjacent vibhrators is equal i/2.

o vEyeT a3 o - et
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This means that tvwo groups, oa b vibrators in each
{resistor/resistance of waican i1t transforas itself to the common
coaxial feeder as 450 ohms), in parallel they are connected betveen
themsaelves, and then throuya 4 150- oha quarter-wave transforaer to

the ganaral/coamon/total input cf sections.

Diagram of one of tha viorators with the indication >f the value
of resistance at different poiats 1s given in Pig. 4a, and ub is
showa the photo of one ygroup of viorators. By by of trial and error
of the parametars slots, diameter of internal wiring and thickness of
the fastening insulators of tne line of the value of
resistors/resistances vere selected by such that general/common/total
output resistancs of group of 1. viprators wvould be equal to the wvave
iapedance of the feeding caonle (75 ohas). In the groups of vibrators
vere not used the tuning elements/cells. Before carrying out serial
productiocn of the groups of vibrators, in the experimental
saaples/specinmens with the larje tanoroughness wvere selected the
sizes/dimensions of all elements/calls of vibrator, line and
cooriinating slements/cells, and taen during the production, with aid
of special attachmert, they observed a strict identity of all groups.
As a result of this was achieved/reached almost ideal value
coeffi-iant this was achjaved/reacned the almast ideal value of
standing-vave ratio (ksv) rfor all groups: 1.05+-0.05 in the band of

frequaacies o5f 10 MHz about the operating frequency and 1,15-1.20 in

L et e w ke e
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the band of frequencies (395-420) NMHz. d
Page 9.

Section of 24 vibrators is tha independent systea, which is
tuned on the earth/ground, and tnen is suspended on the antenna along
its focal line vith the halp of tne cables and special holders. Tha
sizes/dimensions of the latter were selected sSo as to coapensate the
sagging of cables and sections taeaselves, The divergence of the line
of vibrators from the focal line of airror does not exceed 0.05A in
the worst (from the point of view of sagging) antenna position. Since
the antanna radiation pattern in tae plana of declination is not very
narrovw, this shift cannot introduce essential error into the results

of measurements.

Counter-raflector. The systea df cables, the feeders of feed,
holders and matching eleameats/cells ars placed on the plane of the

counter-reflector of antenna.

Counter-reflector also and antenna dish, is formed with the help

of the in parallel stretched wires. It has flat/plane fora for the

vestern antenna (by width ~~)A) and angle maold for the eastern
anteanas (aperture of angle of ~~1409)., The sizes/dimeasions of

counter-rnaflector, the distance of vibrator from the focal line and
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from the plane of counter-reflactor were salected axperisentally so
that edge antenna dishes would be irradiated by the powver, which doas

not excaed 100/0 of the power by tne center, but the line of phase

centers would pass along the focal line.
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Pig. 5.

Kay: (1), To tha eastern antemnas of radio interferometer. (2).

Radiometer.

Page 10,

Feeders of feed. The overall diagram of the fsed of the

vibrators of entire antenna is given in Fig. S5, vwhere T, T;, T, T3 =

natchaed tee- transformers; TK - crosspiece-traansforaer; GShG - cap of

noise ganerator; P - switch of faeeders and PP - phase switch. Tvwo

halves section 5f 24 vibrators are connected between theaselves by

the cable of a small attenuation (RK-78)

and by quarter-vave tae-
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transformer. Tha sections between themselves are combined in pairs.
The lengths of all cables from the center of the primary group of
vibrators to the input cf main recaiver are identical. This, as we
vill see below, it ensures sufficiently broadband for entire radio
interferometer. Groups also and sections, are connected between
themsalves with the help of tne specially preparad quarter-wave
branch- transformers which are well matched with cable (ksv-1.1) and
are hermetically sealad, Berfors placing feeders on the antenna, their
electrical lengths with the help of the grad line they were selected
with the large accuracy. The panase error in the aras of antenna does

not exceed one-two degrees.

At the output of every four sections (96 half-wave vibrators)
occurs the preliminary amplification of signal. The subseguent
intermediate amplificaticn of signal occurs at the input of each

antenna of radio interferometer.

Power loss in the caonles from the preamplifier (PU) to the
general/common/total input of anteana (FPig. S5) is equal 3 4B ~~ 2 of
times), and from thes input of antenna to the main receiver 8 dB (6
chasublas). Losses in the secticn from the vibrator to PU
experisantally were not determined. Theme carried to the losses of

antenna. Calculated values of these losses is . 1.1 dB.

A i T R T et e o e
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USE OF ANTENNAS IN A COMPOSITIUN OF RADIO INTERFEBROMETER.

The selsctad system of fesders and preamplifisrs makes it
possible to use each antenna as the separate independent and as
composite/compound compcnent part of entire radio interferometer.
Moreosvar both western and average/mean eastern of antenna separately
can be usad as the systerm, 1n whicn occurs periodic switching of the

phase of signal in the capbple of the feed of one half antenna fabric.

In the composition of fundamental radio interferometer they are
used average/mean eastern and western antennas. The effective area of
tvo outar eastarn antennas in comparison with the total effective
area is small, they cannct makxe a significant corntribution to the
formation of radiaticn pattern and improvement in the sensitivity of
entire radio interferometer; taerefore they in essence will be used
together with average eastern antenna or with its part when will
arise the need for making more praecise the declination of radio
sourca or its structure in the vertical plane. Por this case is
provided the possibility to differently combine three eastern
anteanas: all three together, sxtreme between theaselves and

average/mean with the extreme ones.

Page 11.
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In the feeders, which go to tae outar eastern anteannas, ara phase
inverters for the shift of intsrference rpattern in the vertical

plane, wvhich are the graduated segments of the coaxial lina of the

variablesalternating leangth, in each arm which smoothly vary the
phase of signal in limics of 0 to 1809, These lines are unifora and
vell matched between theaselves; therefore a chang2 in their length

with ths phasing of interfercmeter does not introduce further errors.

Outer 2astern antennas can be combined with two halves the
vastarn antenna and to nave two independent interfaromeaters whose
bases are deflacted to the different sides relative to line the east
- west, This gives the fossibility to raise the accuracy of the
determination of the right ascension of radio source by its

simultaneous observation by tnese interferometers.

Is provided also the possibility with the help of the %}
automatically operational system of phase inverters to scan
interferencs radiation pattern in the vertical plane so that to
inmediately solve the radio sources which siaultaneously are within
the liaits the antenna radiation pattern. This problea can be solved

also by the usa2/application of the well untied between thenmselves

multichannel faeder and receivacs.

CHARACTERISTICS OF ANTENNA FEEDER UNIT. E
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The antenna radiation patterna of radio interferometer in the
vertical plane is the radiation pattern of parabolic reflector with
the aperture 18 and 15 a for tne western and eastern antannas
respectively., Since the edge of airrors they are irradiated weakly,
radiation pattern in the vertical plane is obtained somewhat wider
than the calculated. Due to this is reduced the dissipation of energy
on the side lobes of antenna. Accordiny to calculation data the width
of radiation pattern in tnis plane composes 2° 5* for the western

antenna and 3¢ for the easta2rn aantennas.

The antenna radiation patterna in the horizontal plane is
Jeterained by tha formula of copnasal grating which in the units of i

power aand in th2 standardized/norzalizad form is expressed by formula

@ (3] |

Foy® = ————1;
PN() Nsin(—q;—)

¢ =dksin 0. (2)

dere 9 - anqgular distaance of source from the normal to the plane
of antenna aperture, the sacant of interferometer spacing; d=x/2 -
distance betweea th2 adjacent elemaents/cells of grating: » -
wavelangth; N - nunber of elaments/cells in the grating, equal to
576.384 and 144 for western (A,), average/mean the eastern (A;) and

outer eastern (A, and A,) antennas of radio interferometer
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raspectively (Pig. 1): k=2»/A - wave nuamber,
Page 12.

When two halvas antenna are connected between themselves through
the davice/equipment, whicn periodically changas over the phase of

signal on 1809, radiation pattarn [5]

Fy (8) =4Fy;2 (6) Fy(8); Fu(8) =cos f‘!‘“’—.— ¥

whers ¥ - permanent phase difference; fu(8) - interference factor.
Pig., 6a gives calculated radiation patterns for the western and
eastern antennas of radio interferometer (curves F, and F,
respectively) , obtained in the machine "Nairi-2". Is to the right
given the recording of radio source Deva-A (3C274), obtained on
antenna A,, Scale corresponds to one angle degree. On the dotted
graphs is shown the curve F, waich corresponds to this recording. The

conformity of experimental design data, as we see, satisfactory.

In Fig. 6b are introduced radiation pattern of side lobes on the

increased scale along the axis c¢f ordinates.

|
1
a
i
]
b
|
|




s bk naddmaine i b A T aynaen Mo -

£

DOC = 80134001 PAGE 23

-
]

~44- Vi . S

i 1 \ 5//

B VA
-2 5!_ -0z 1000 1400 1800 2000

405
Pig. 6.

3

Key (1). (Recording by source). (2). Seconds of acc,

Page 13,
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Interference diagraa. For tas fundamental antennas of radio
interferometer (A; and (A3) in tae plane of right ascension
interference diagram in the composite form

Fus 4,8 =F4 (8)=~Fa(@e®%
xD

B = sin(@—a).  $o=kDigasiniy—a),

Cos

vhere f; (9! and f4, (H) - antenna radiation pattern Ay and A; on the
strength of fis2ld; D - interfsrometer spacing the east - west in the
plane of the horizon/level; a=0.5% - angle of the slope of true
interferometar spacing from horizoatal line of y=40.5° - latitude of

3dyurakan.

After simple conversion for tae interference function, expressad

in the units of power, we will cbtain
Fop®=iF .  O)2=F +F +2F F, cos(B= .
If in the interferoaeter is applied the device/equipment, which
periodically changes over the phase of signal in one arm om 1309,
then (4]
FO) =F, ,(B+%+ A —F, pB+¥)=4F, F, cos(B~p). (3

In the aras of interferometer are introduced the further
segments of the line 9f variable/alternating length for the
compensation for a phase differeace ygjby the caused difference in

the lavels of antennas A, and Aj. In this case in expression (3) it

is possible to take ¥»=0

TAT LN L rm T em e e

Lf
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Effective antenna area was avaluated according to the flow of
the series/row of the supporting/reference sources of cosaic
radio-frequency radiation. All losses of antenna and antenna feeder
units prior to th2 input PU (Pig. 5) refered to the losses of
antenna. Separately were determined the effective areas of one
section of anteanna, four sections and 2ntire antenna. FPor the
coefficiants of the use ¢f an area respectively vere obtained the
values: 0.5; 0.4 and 0.34, The metnod of aeasuring these coefficients
is in detail presented below. Frcm given data it follows that the
noticeable part of the enecgy of useful signal is lost in the cables
between the output of sections and the input PU, that, in turn, he
indicates the need for the selection of an optimum number PU and

their approximation/apgrcacn to an output of sections.

Level of lateral lobas. The radiation pattern of amultiunit
anteanna unavoidably has side lobes. For a decrease in the lavel of
these lobes/lugs into the antenna to technology are applied different
methods, in particular, is seiected the corresponding lav of current
distribution according to the antenna dish or according to its
alements/cells. As a rule, the current strengths on the edges of

airror or on the extreme slemeats/cells reduce on the specific law.

In the described radiotelsscope a decrease in the side-~lobe

level in the vertical rplane, as it was noted, is achieved by the wasak
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irradiation of the =2dges of cyliandrical mirror (about 5-100/0

relativs to the power, whicn falls to the middle part of the mirror).

Distribution of the curreat strength according to tha vibrators
of the sections of the antennas of radio interferometer uniform along

the focal line.

Page 14.

Consequantly, in the plamne of right ascension the side-lobe lavel is
obtained not less than it 15 deterained by the given higher formula,
True, the length of mirror oa (4-3)\ more in coamparison with the
length of the line of vitrators, and the current strengths in the
extramse groups of vibrators ars somevhat reduced in comparison with
the average groups; however, this does not significantly vary comnmon
diffraction pattern. In this plapne the side-lobe level in essence is
characterized by the heterogeneity of antenna feeder unit (on the
phase and by the amplitude of current in them). Therefore vere
applied all possible measures, in crder these heterogeneities to

reduce to a mininmuam,

The decrease of the side~-lobe level of common interference

pattarn favorably is manifested the following fact. In the line the

aast - west the sizes/dimensions of the mirrors of the easterna and
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vestarn antennas of radioc interfercmeter are different, thay relate
as by 2:3. Because of this the maximums and 2zero radiation patterns
of one antenna are displaced relative to maxiaums and zero another.
And vhan interferometer works oy the method of phase switching, with
vhich the radiation patterns of two antennas are multiplied, a number
of side lobes increases in the limits of the solid angle of
interference diagram, and their level, beginning from the second,
noticeably it is reduced (Fag. 6, the curve P,). The appesarance of a
large negative lobe/lug does not accordingly make the resolution
vorse of radio interfercmeter, since it is within the liaits of main
thing and the first of side lobeés and, furthermore, with this form of
curve one can see well the prasence of adjacent source. The
advantages of this methcd are in aore detail presented in work [5].
This system has another advantaye. If this source is observed tvice:
one time by simple interference method, and another time by single
switching, th2n from the analysis of the recordings of observatioas
error-free it is possitle to deteramine, it is this recording the
signal of real source of this is trace from the intense source,
accepted by the side loke of antemnna. If recording is the signal of
real source, then transit time aust not depend on the methcd of

observations.

RECELIVER.
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Preamplifier. At the heignt of each group of four sections of
antenna is connected one cascade/stage PU (Fig. 7), carried out on
the diagraam "groundad gridv, It is assembled on the high-frequency

ceraaic triodes of the type 6C17K 1).

POOTNOTE 1, At present these aamaplifiers are replaced transistor with

the factor of the noise ~3 dB. ENDFOOTNOTE.

Besonators coaxial are connectad ia the circuit of anode and cathode
of tube. Their tuning for tae resomance frequency and to the optimua
couplingy is realized with the nelp of variables/altarnating air
capacitors, entaring the coastruction/design of resonators

theaselves.

Page 15,

Qutput signal is removed/takea froam the grounded end/lead of coaxial
cavity near the current antinode. This low-resistance
inclusion/connection simplifies the agreeament of the output of
amplifiar with the cable. Noise factor is equal to 2.8 (~4.5 dB),
power gain 36 (~16 dB) . The resonance frequency of 408 MHz, passband
(8-10) MHz. With the work of antenna in the system of the
interferometer between its input and main cable is switched on by

intermediate the preamrlifier of signal (PPU).

RO T AT e T
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Fundamental receiver - superheterodyne type. Lts input

anplifiers are also asseabled on the triodes 6C17K and have the same
construction/design as PU, Mixer - crystal, with the coaxial cavity.
The frequency of hetercdyne 333.86 MHz is stabilized by quartz (55th
crystal harmonics). This noticeably improves the stability of entire

receiver. In the intermediate frequency - 24 MHz main recesiver

< MAr e =+ 4 o v e ey

branchas to tvo channels wita the bands of frequencies of 1 MHz for
interference observaticns and 3 MHz for the observations with one
antenna. The overall gainm of main receiver can be requlated in the
limits of 100-120 4B, The time constant of end device varies through
discretasdigital values of 0.05; 0.%; 0.5 and 4 s. The ramaining

units of receivar are usual.

Phase antsnna swvitch (FP) is carried out on the semiconductor
changing over diodes of tae type D501Zh (approach also diodes D501A

and D501%e) . Its schematic diagram 1s given in Pig. 8.

Por the exception/elimination of sharp transitions/junctions the
svitch is designed in the form of coaxial ring. At the ends/leads of

the quarter-wave secticns are variables/alternating disc capacitors -

Cw- for tuning of switca for tne operating frequency. Changing over

with
reference sine voltage 0.6-0.8 V¥frequency of 37 Hz is supplied
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froma the standard audio siynal generatar (ZG-10) of stable feed.
Switcihning the phase of siyonal oan 180° is realized with the error not
more than one degree. Power losses in the switch compose 70/0 (0.3
dB) . Analogous diagram has aamplitude switch. In it at point A (see

Fig. 8) ring is cut into two branches to which are connected the

antenna and the equivalent noise source.




DoC

Pig.

= 80134001

7.

PAGE

R
X

‘4

\\\ \

s
L

31

FIRELY A RS L B
- 1?5%& N3
AN AN

. ..“\‘\ .

A




D0C = 30134002 PAGE BA.

Page 16.

CALIBRATION OF RADIO INTERFERGMETER.

Tha calibration of aultiunit radiotelescopes with the help of
the local standard noise sources in the majority of the cases is
connected with the great technical difficulties or is almost
impossible. In such cases, as a rule, calibrates itself main
receiver, and systaa PU and feader circuit remain without the
control/checking. As the most perfect, naturally, is considered the
calibration of multiunit antenna systems with the help of the
supporting/reference space sources; howaver, this not completaly
sufficiant, since always after the arrival of the signal of the
observed source it is impossible tc directly record the signal of
supporting/reference source. virtually frequently it is necessary
sigral from tha latter tc writue/record through sevaral hours during
vhich can be changed ttke paraaeters of antenna feeder circuit and
radiometer. Does not remain constant and the effective antenna
ambient temparaturs in the directions of the measured and
supporting/reference scurces. By another difficult, by most

essential, problem is the realization of control/checking of the

i3 i e e
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quality of the work of the indiviadual sections of aultiunit antennas.
This problem even more is complicated, when system extended also in
each elament/cell or group of elements/cells cccurs the preliminary
anplification of signal witn toe sufficiently high coefficient of
povwer gain., In that case the calibration of radiometer from the input
of main receiver is insufficient for calibrating the radiation
sourcs, since noises and instability of equipment in essence will

depend work of PO,
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Purthermore, in tha multiunit extended systems when the length of
feeder lines from PU to the main receiver composes hundred or
thousands of wvavelengths and they ars badly/poorly shielded froa the
effect of ambiant conditions (change in the temperature, humidity,
different electrical focusings/inductions and others), and a number
of tuning and coordinating elements/cells reaches ten and hundred,
the characteristics of antenna feader circuit in the time can vary
and it is essential to affect the results of measurements. Is

important the fact that tae parametars of PU themselves also can vary

in the time by very differently.
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2n reasons indicated apove appears the need for calibrating or,
at least, to monitor mcde/conditions of the work of radiotelescope at
least in the saction from thne inputs of preanmplifiars - all

ampli fiars together and eaca inaividually.

In the dascribad radio interferometer for the partial solution
of this oroblem it is provided in each PU to place the saparate cap
of noise generator GShG (see Pig. 7), which in parallel with the
saction of ant2nna constantly is connected to the input of PU through
the diractional coupler. The feed of noise caps and corresponding
aeasuring meters general/common/total for all amplifiers is
ar—-angyed,/located on the main receiver, Feed to the separate noise
caps can be supplied separately to each or simultaneously to all.
This gives possibility periodically, also, without the large
expenditure of time to calibrate both entire systeam as a whola and
its separate sections, beginningy from the input of PU., But the latter
are sufficiently closely conducted/supplied to the primary vibrators
(Length of the line betwean them only of 50 wavelengths), and,
furthermore, these lines are done from the cable of a small
attenuation, it is well shielded from the penetration of moisture and
are located under identical temperatura conditions. As shoved

experiaent, the parameters of these sections substantially do not
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vary in the small time intervai, datarzined by the transit tiae of
the radio source througn the antenna radiation pattern and tiae of
recording referance signal. It is coapletely sufficient, if these
sections of line, just as entire radiotelescope, two or three tinmes
will calibrate itself according to the well selected intense space

radio sources.

Jf coursa for the full/total/complete calibration it would be
desirable standard noise signal to supply not by n the input of
amplifier, but Jdirectly to the primary irradiator. This problem is
technically difficult, sinca tane remote zone in which it is necessary
to place the standard noise source, composes hundreds of kilometers
and virtually it is not rossiblie to ensura the reception of reference
signal of necessary amplitude and stability. However, it is possibls
the standard generator to place also in the near zone such that by
the branched from it pcwer to eradi;te primary vibrators or groups
of vibrators. The creaticn of this system, in the principle,

possibly, and a questicn of its practical implementation is studied.

A question of the use/application of PU in the multiunit antenna
systaas is examined in works {o, 7). Here it will be examiaed in
connaction with the described interferometer, mainly, froam the point

of view of the absolute calibration of the amultiunit antenna systens,

vhich contain numerous PU.
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Page 1S.

During the computations we will disregard the noises of the galactic
background. This will not introduce significant error, since radio
interferometer in the majority of the cases will work by the method
of phass switching and the antenna radiation pattern is sufficiently
narrow in order to exclude the reception/procedure of the radio
emission of galactic backgrouand. As far as regions are concerned
separate of the intanse radio amission of the background of galaxy,
then we will carry them to the group of the extendsd galactic radio

sources, about which it will be said below.

Por the absolute calibration of the radio emission adopted our
antenna we will consider as tne system, which consists of n of the
linear, in parallel conmected fcur-poles. Number n we will take as
the equal to a number of PU. If we to the input of the i-th of these
four-poles supply noise power ., taen the total pover of signal at

the input of tha main cable

A

W

P, =

‘\/

ngiPii Pi=AuAfS, (4

'y

1

where : . - transaission factor of the power of the i braanch of line:

g - coefficient of the power gain cf the i amplifier; 1., the

et e
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aeffective area of the i group of the sections of antenna taking into
account the loss in the cables in the section up to PU; A/ the
band of frequencies of the i1 amplifier; S - density of the flow of
the radiation/2mission adopted, which we will consider constant in
a1l sections of antenna aperture. In particular, when amplifiers and
corresponding branches are identical, i.e., when

ni=n. g.=g Au=An p=p and Af,=Aj for all values of index i
then

)

SA, A
P.=nngp=ngAfSA;; p=—in—’ .

This power is further amplified by main receiver, and it it is
possibla to rate/estimate siaply: po=p.gme where 1 the
transaission factor of the power of main cable, and the l2d to the
band coefficiant of the powar gyain of the main receiver

A/

8o 6
v (6)

gr=§go

do and Af, - factor of amplification and band of the frequencies of
the main receiver adopted respectively., We accept Afy<Af. Comparing
the measured by methcd indicatad above power of radio source with the
aquivalent horsepower of noisa generator, from equality » =/2. let us

determine the value of the antenaa tempsrature of radio source /.

(81.

It is hers necessary to focus attention on two facts. Coampletely
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it is clear that the sigymals, wnich go from the differant standard
generators, ars incoherent white noises, and in order to coapare then
wvith the signal of observed point source, coherent at the output all
PU, it is necessary to use a cosgensative or amplitude-modulation

radioneter; this comparison will be full /total/coamplete.

Page 19.

dhen is used the phase-switchiag device/equipment at th2 input of
fundamental receiver, thea signals from the noise caps are not
modulated, in contrast to the useful signal whose phase varies ¥#ith
the passage of the radic source tarough the antennas of
interfarometer and, therefore, is aodulated during the switching. 3ut
since the sections of antenna are not ideally matched with the cable
and swvwitching system itself is not also ideal, then at the output of
radiometer will be alwvays differeant from zero signals from the noise
caps, which we will call the error signal. If it are calibrated by
the signal of known radio source, 1t is possible to measure the
signals also of other sources, since, beginning from the input of PU,
any change in the parametars of radiometer will equal affect the

value of the measured signal and aerror signal.

SENSITIVITY OF RADIOTELESCOPE.

Ld
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By sensitivity of radiotelescope is understood the miniaum flux
of radio emission, which can pe distinguished at the level of the
normal noises, which apgear in all its nodes, from the anteana to
output amplifier, Por ultimate sensitivity they usually accept the

half the power of noise path/track.

If all noises (galactic backyround, antenna itself, feadar
circuit, preamplifiers and fundamental receiver) are related to %he
input of antenna and equivalent noise tamperature are designated
throujh To then the sensitavity of radiotelescope, which corres,cads
to the half pover of noise path/track, ¥ill be expressed by the known
formula:

T oNy—1) _ 24T,
AV Aft 'NEYES

Smm = (M

where Ty~~300°K - ambient temperature; \,=(7,= T¢T¢ the equivalent
factor of the noise of entire radiotelescope; 4, affective antenna
area; Af - bandwidth of the reception/procedure; r - time constant of

output device; k - Boltzmann coanstant.

As can be seen frca foramula (7), for determining the sensitivity
or, which is the same, for the precise measureament of veak flows is
necessary and is sufficient accurately to measure ‘fﬂ and :f. for
this radiotelescope, vwhica, by the way, presents great practical

difficulty, especially in tne case of multiunit radio
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= interferometers. Determination Af and r difficulty does not prssent.

Por definition 7> each branch of the antenna (Section from the
section to its input) of radio interferometer, in turn, we will
considar as the system of serias-ccnnected active and passive
networks with all inherent noise and transmission factors of power

(Pig. 9) .

Page 20.

If thos2 branchas are identical and =2veryvwhere occurs the
full/total/complete agreement of four-poles with the feed lines, then
for the equivalent noise temperature it is possible to write
follovwing expression [ 9, 10]:

T.= T 4 T,\'l - TK'.’ - Tyz . TK3 —_ Tnp
3y deam T

k1 Tk1éva " Malke8y1 ThaTks Eya8ye ‘ T e ksl v18ye

Here 7am the total noise temperature of the background of

galaxy, antenna and caktle up to PU; TK=TM[~ﬂHi- the noise

temperature of the corresponding cut cables; nu M2 Mxipd Tw T T -the

ttansnissionzﬁaﬁfors of the power of the corresponding sections of
gyt Byrand Ly Iy

line; ~~¢ factors of amplification and noise temperatures of PU
and PPU respectively; 7., the noise temperature of fundamental

raceivac. Table 1 gives the values of the coefficients, entaring into

formula (8) for the vestern antanna A; (analogous characteristics has




DOC = 80134002 race HA

the eastern antanna of radio ianterferometer), while in Table 2 -

valus 7. V% and Sm. fcr different cases of connecting of

preliminary and through repeaters, and also values of their
charactaristics. During the coamputation of equivalent antenna

f temparature wera accepted the follovwing values of the parameters:
Af=1 ¥Hz, r=4 s and 1,=2000 x* Bata of table show that with assigned
magnitude 1. and the characteristics of cable the value of ainimua
flow which can be racorded by the given radiotelescope, strongly it
depends on a nuaber, characteristics and connection point of PU angd

PPU.

During the deteraination of the sensitivity of radiotelescope
the noises of the radic eaission of galactic background
] included/connected in the coaposition of antenna noises whose value

in the direction Earth's north pole vas determined by tha following

method.

s -y ORIt N L D
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T, Tog
s Tns Fno
W cocedwemy 7Y
1
Pig. 9. Key: (1). To adjaceat PU.
Table 1.
b \ - 47 ! .Ko3pdHUHEHT ycHne-
3 KosdodHuKeHT nepegasy Kabenep 27 yus xaGeneft, °K LA) uu:eﬁg;fug%um-

ke | T g1 | &y
|
1

270 | 1s
i
:
t
|

Key: (1). Transaission factor of cables. (2). Noises of cables. (3).

Pactor of amplification of prsamplafiers, d4B.

Page 21,

Antsana they directsd toward tne pole and vas fixed/recorded the
conditional level of the output noises of siaple coapensative
radiometer. Then to input of one of the amplifiers instaad of the
cable, which goes from four sactioas of antenna, they

included/connected the matched load and at an ambient temperature

again was fixed/recorded the lavel of output noises. Finally, matched

iapedance they transferred to the input of one section and was

fixed/racorded a change in the level of ontput noises. The further
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corrasponding jumps of the level of output noises calibrated by the
located in preamplifier standard noise generator. After siample

computations for T.u were obtained values of ~~2509K.

The problem of computing the value 4, for tha multiunit antenna
systeas more complicated, and, as a rule, calculation and real data
do not coincids, since not always it is possible to accurately
deternine field distribution in antenna aperture or to measure its
precisa radiation pattern. For this reason 4. also were daterained
axperimentally - measurement of the antenna teaperature of the
series/row of the intense space radio sources, spectral flow
distribution of which is weil xnown. The recording of the signals of
saveral sourcaes, obtained with the help of the wvestern antenna of
radio interferometer (A rewx3900 #°) together with reference signal of

the noise ganerator T=309K, is yiven in Fig. 10.
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Iable 2.
CXeM8 BKOREHHA ¥ Xapaxtepucraky 1Y 1) T, °K ; N | S'"z”nd
s pi P - » i ’ i nomoKa
Bes npusenenna 11V 37 12000 | 43 1 16
Qaud wackax IV A2 exole KakIcd rpvonu o !
YeTaiDeX JeKudH Ha JaMnax 6CITK ¢ nomppuiitey- ‘
TOM VCHIOHHA MQUIHOCTI! 1D 00 i COUGCTSEHHBIM LV~ .
smavu 600° K ) 1200 : 5 R
To e, MIOC ofWilil VCHAUTEIb HA BXO1e [IABHO- ' ;
re Aaderd (IefCTBYIOWMN BAPHAHT) S0 900 - 4+ . 0.7
{To 18a rackaia Y Ha KaK1vo rPVRuY_ i3 YeTbi- ; '
DX CHKLHH C TeMH we XaDAKTEpHOTHKAMK / o) 750 ; 3.5 ¢.6
OauMy K3CKal [apaMeTDHYecKoro  \VCHNTeIR Ha
K IVIo roviany u3 12 cekumn antelns ¢ Kodbhy- '
aneHToM sowaedns 20 90 i CofCTaeHHbIMI wWivMatl X
00°K 1) 50 29 . 03
TpausHCTOPHBI VCHAMTEAL HAa Kamlbie '3 Cexuitil ‘
aHTeHHB ¢ veuaetyen 25 06 i wymamy 350°K 8> 70, 3.5 - 06
Oamn kacka2 [TY Ha 8xOle xaxI0i rpyvaAnLl K3 Ye. i :
rapex ceKudil Ha Jamnax 6CI7TK ¢ xosdpuauneHTOM :
YCLIEHHA MOLUHOCTH 16 37 u cOOGCTBEHHEIMI WVMAMH .
600°K, Hc npHeMHuk Ha BXole anteHn Ay u A3 5] 900 3 =10

Note. Given in the table data correspond to the average/aean
characteristics of the working or developed/processed in the USSR

amplifiars.

Key: (1). Circuit diagraa and characteristic of PU. (2). un. of flow.
(3) . Without use/applicaticn of PU. (4). One cascade/stage of PU at
input of each group cf fcur sections on tubes 6S17K with coefficient
of powar gain of 16 dB and inherent noise of 600°K. (5). The sanme,
plus general/coazmon/total amplifier at input of main cable (operating

version). (6). On two cascades/stages of PU to each group of four
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sections with the sanme cha:ac:érxstics. (7) « One cascade/stage of
paraamstric amplifier tc eacan group of 12 sections of antenna ¢ith
factor of amplification 20 dB and inherent noise of 1009K. (8).
Transistor amplifier to every 2 sections of antenna with
aaplification 25 dB and poises or J50°K. (9). One cascade/stage of PU
at input of each group of four sections on tubes 6S17K with
coefficient of powar gain of 1o d3 and inherent noise of 6009K, but

raceiver at input of antennas A; and A;.
Page 22.

The values of the =2ffective area of this antenna r4,,), calculated
according to the value cf antenna tamperature (7.« and flux of radio

amission (S, of these sources [11] according to the formula
Ay, = 26T, 5, 9)

and also the corresponding values c¢f the coefficient of the use of an

antenna area ara given in Table 3.

Data of table show tnat the average/mean value of the
coafficient of the use of an antenna area composes 340/0, what is
sufficiantly good result for diffiraction type antennas. Sone

disagreemants of the value of tanis coefficient, obtained on the basis

of diffarent sources, are caused by the fact that in the period of
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thess control azeasurements the anter.: was turned through the
discrate/digital values of declipations and radio source is not
always passed strictly on tne amaxiaum of diagraa. Por the
introducztion of the corresponding correction the antenna temperatures

of sources 3575 and 3570 respectively increased 1.4 and 1.1 times

(according to the data of radiation pattern on the declination).
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Pig. 10. Rey: (1). angular. (2). unit.

Table 3.
K ! f M) K -
{1 ,.\r\{';%uu rewmne- | ﬂnorm?b 0 TOKA 3¢¢'e’x'runu & mﬂ:ﬂ; ::o
Pazuoncroytux patypa T, og ! Sagr ¢d. ncmoKka | nAomans Ay, {maguxan) adTeR-
| ! i Aul A,
T3 ; 5.1 L 16 | 12 § 0.32
0 ! 132 | 3 ’ 1200 | 0.31
r -
3C384 %000 L1509 ! 1500 | 0.38
D3C459 | 3.8 | 13,5 | 1400 ¢ 0.36
‘Cpezsee 3Hauexue KM aHTEHHWA, NO YeThpey ~ 340 X ~0.34
H3MePEeHRAM , ‘

Xay: (1). Radio source. (2). Antenna temperature. (3). Density of
flov S,. un. of flow. (4). Effective area. (5). Coefficient of use

of area( stalks) of antenna A,. (6). Average/mean value of stalks of

antenna A, on four measuresents.

Page 23. '
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A comparatively large disagreement of values of effective area
is caused by the fact that the rlows of radio sources in tha catalogs

are given with the accuracy +- (5-10)o/o.

On the basis of given in Table 2 data it is not difficult to
conclude that during the usesapplication of more sensitive parametric
or transistor amplifiers or by multistaging in the operating
amplifisrs and approaching tha place of their inclusion to primary
radiations it is possitbtle 1.5-2 times to increase the sensitivity of
radiotelescope. Without the spécial work tvo times it is possible to
raise sansitivity by an increase Af and r. Then ultimate sensitivity

of radiotelescope achieves 0.25 unity of flow. If ve consider that :

tachnical sensitivity two times lower than ultimate sensitivity, then
it is obtained, that the radio sources with the flow of 0.5 unity can
be observed with the help of the described radiotelescupe during the
use of all its real possibilities. df this it is possible to be
convinced also from the foilowing simple analysis of the recordings
of radio sources, given in Piy. 10. In them the temperature of noise
path/track composes ~0.5%°K, which for . d,=1350 u* and_z?flome
corr2sponds to the critical angle of S=1 unity. Por entire radio

interferometer when simultaneously are used all antennas in effective

area not less than 2000 a2, tais number dacreases approximately
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doubly.

SCIENTIFIC PROGRAN.

In conclusion it is possipie to say saveral words about the
prograa of research which it is proposad to carry out with the help
of dascribaed interfarometer. It switches on the study of galactic and
extragalactic radio sources (discrete/digital and extended), the
study of pulsars, the measurement of the angular dinensions of radio
sources, setc. Interfercmeter maxes it possible with the large
accuracy to conduct the measurement of the flows of extragalactic
sources, which is necessary for studying the low-frequency spectra of
radio galaxies and quasars, coaducted together with other
observatories., Such measurements w#will make it possible to explain a
question about a slow change of the intensity of the
radiation/emission of quasars in the range of decimeter wavas.

Ef fective can prove to be the use/application of an interferometer
for studying of the extemaed yalactic sources, including the center

of our galaxy, that also is plannedsglided to do.

Ara of dafinite interest the well coordinated observations of
pulsars, conducted on radiocastronomry station of tha physical

institute of tha Acadamy or Sciences on the ultrashort vaves and in

dyurakan on tne wave 73.5 ca.
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In the 3domain of definition of the angular dimensions of the
sourcas of work it is planned to carry out in two directions. Will bDe
continued the determination of the angular dimensions of radio
sourcas by thz2 a2xperiment of the measure for the glimmer of their
brightness in the heterogeneities of circumsolar plasma. Purtheraore,
radiotelescope together witn other distant and conveniesntly
arranged/locatad radiotelescopes of othar observatories can be used
for the interferometry of radio sources by the method of tha

salf-contained recaptican/procedure of radio signais.

The possibilities of radiointerferometer are not contained by
the anunmerated abov2 problams. [t is possiblé to enumerate number of
other scientific and applied problems at solution of which it is
possible successfully t¢ work wiath the help of the described

radiotalescopa.

The author thanks the coileayues of the department of the radio
astronomy of Byurakan observatory, who took part in the creation of

radiotelescopa. He expressas yratitude also to academician V. A.

Anbartsumyan and correspcnding mamber of the AS USSR, professor A. A.
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Pistol'xors, «ho attentively loocked over article and who did a

serias/row of useful okservations.
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RESTORATION OF ANTENNA RADIATION PATTERNS FROM THE FIELD KNOWN IN THE

LIMITED SECTOR OF ANGLES IN THE FRESNEL ZONE.

Yu. A. Kolosov, A. P. Rurocnkin.

Tha accuracy of the datermination of the antenna radiation
patterns according to the resulcs cf measuring the field at the
r2lativaly small distance froa tne aperture depends substantially on
the value of sactor, in which is fixed/recorded the field. In the
article are given the results of theora2tical and experimental study
by choice of s2ctor in which snould be carried out £field measuresments
of antennas in the Presnel zone for purposes of further
rastoration/reduction of radiacion patterns. Experimental research

vas conducted by means of the optical simulation of problenm.

Introduction.

The possibility of the derfinition of radiation patterns (DN)
according to the rasults of measuraing the field at the relatively
small distance from antenna aperture has important practically value

conformably both to the larje-siza antennas when the direct




T e e , ~-

DOC = 80134002 pace A%

» neasurement of DN is very difficulc, as a result of tha large
distanca of the boundary of remote zone, and to the anteinas of the
n1oderate sizes/dimensicns in tha case when characteristic
measuraments are conducted in the small locations. There are several
aethods of determining DN froa £ield measurements of antenna of

nearer than the boundary ot rsmcte zone.

In work [ 1] for determining DN of optical-type antennas it is
proposel to taxe osut irradiator from the focus of mirror. In thais
case the defocusing, which appears as a result of the carrying out of
irradiator, coapensates the defocusing of antenna, caused by final

distanca of the zona of measureaent. For the antennas vwith the linear

and flat/plane apertures the rafccusing for the purpose of
"approaching remote zone", in tae principle, can be achieved /reached

via corresponding to straina radiating surface [2].

Apother group of metnods is bDased on the initial measureaant of
field during a comparativeiy small distance from the antsnna and the
subsaguent restoration/reduction of field distribution in the remote
zone. The operation of restorationsreduction can be implemented
either with the help of TsV# (digatal computer] as this proposed in
works [(3), [4], or with the use of a method of optical sinulaéion (5]

which is realized most siaply 1f tne field of antenna measured in the

Presnel zone or directly in thes aperture. The enumearated amethods do
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not require the interfereace 1in to the divergence of the measured
characteristics from the true parameters of antenna in the remote

zZone.
Page 26.

In tvo latter/last metnods of determining DN the accuracy of the
final result depends on tne value of sector, in which is
fixed/racorded the fiald near tne antenna. It is obvious, in the case
vhen radiation field is known on certain locked surface, wvhich
ancompasses antanna, the most pracise possible restoration/raduction
of DN. virtually, hovever, field measurement is conducted only on the
part of the surface where it nas even nore noticeable value. Howevar,
the values of field on the remaining part of the surface remain
unknow¥ns and are usually assumed/set by equal to zaro, in consequence
of which DN is located approximataly. In the preseant vork are given
the considarations about the salection of sector in which should be
carried out field measureaments cf antenna in the Presnel zone for
purposes of further restcration/raduction of DN in the assigned

sector.

Por simplicity is examined the lina-source antenna with unifora
cophasal field distribution in tne aperture. The obtained results

remain valid and in the case of antennas with the flat/plane
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" aperture,

STRUCTURE OFP THE FIELD OF LINE-50URCE ANTENNA IN A FRESNEL ZONE.

3

P Pield E(r, o) of line source 1in the Presnel zone with an
accuracy to permanent factor i1s connected with the field in aperture

] E(x) with the following relationsaip/ratio (Pig. 1):

x?
ik (xsmw— - cos? g )

Eir, )= E(x)e dx . (N

"’a"'l“

nln

In the cas2 of the uniform cophasal distribution (E(x)=1)

axpression (1) after integration takes the form

e g=ms Vi e T T C—CrI— IS (=S, @

whera C(t) and S(t) - Fresnel's integrals;
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Pig. 1.

; Page 27.

Tha means of 3iistributioa (2) depends both on the elactrical

length of antenna and cn Jdistance of r. In the measurements are of

interest the saallest allowed values r, for which also correctly
Presnel approximations/apfproaca. It is possible to show that this
distance by approximately tahe order of less than the distance of the
boundary of the remote zone for the antennas by length into several
t2n vavelangths and almost to two orders for the antennas by length
into several hundred waves. Cunaracteristic aamplitude distributions of
the field of large and small antennas are depicted in Pig. 2a (r=104,

d=500A) and 2b (r=3d, d=6.4A).

In the problem in Juestion it is nacessary to know, to what

interval of the values @ 1t is5 possible to be bounded when DN will be

&~
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determinad correctly in tne required sector, vhich encompasses

principal maxiaum and part of the near to it side lobes.

Th2 interval of the values of angle # is conveniently decomposed
irnto three parts, which correspond to the illuminated region (zone of
direct radiation), the region of penumbra and shadow. Tha most

clearly indicatad regicns can be isolated in the field of antenna

with the large electrical langth.
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In Fig. 2a thess2 three regions of distribution are noted by nuzerals

I, 11, III.

de trace the structure of field in the shadow zone, for which
let us determine the angular position of maximums and ainiauas of the
lobes/lugs of field distribution (2). Let us equate with to zero
derivatives on ¢ of the fuaction, vhich describes the aaplitude of
this distribution with fixed/recorded r. The analysis of the obtained
equation shows that the extreme points of field (2) are distributed
on # unevenly. However, using a first approxiasation of the asymptotic

representation of Presnel's intagrals [6]

L qr2
1 i 2

sin

4

Cr=—tsr bt 2 sp=L_L
2 b t 2

-

ol
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which correctly at sufficiently anigh values of t, it is possible to

find that the extreme pcints are determined by equation

2]

Cos 7 sin idsinq =0, vhence
oA

: A
SINg = _,
? P (9

lQl:

sher2 n - wvhole numbers.

From equality (5) it follows that the position of maximums and
ainiaums of th2 lobes/lugs of field distribution in the shadow zone
of Presnel zone (it is aore praecise, in that part of space r, @,
vher2 is correct approximation/approach (4)) the same as in the
ramota zone. Consequently, the trajectories of the marximums and
minimums from the Fresnel zone into the ramote zone are straight
lines, and i* wm=2ans, betwesen the adjacant side lobes the

radistribution of energy is aosent.

Let us rate/estimate tne region of the applicability of
approximation/approach (4). #e will consider that remaining
conponeats/tacrns/addends in the asymptotic representation of

Presnal's in*egrals c¢an be disregarded/neglected, if the maximunm

valua of the first rejected tera by an order is lover than the
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ainisum value of the sum orf tha remaining terms, Then ainiaum
permissible value .. 1s eguai to 1.5, vwhence we find the

relationship/ratio

e » T .
tg'{"lm‘fco>‘€'ﬂm=71 - o

beiny Jatermining with this £ the interval of values ¢>:... for which
the correctly considered/exaamined approximation/apprcach. 7or the
3atennas with a large electrical length of ¢w-<«1! and, consequently,
- .:<%__.L_1'2:_Let us note tnat the boundary of the region of

2 or
shadov is deatarmined by conuaition :-=!. whence ?gq,—-ficﬁqu 1'2:
Comparing latter/last expressioa with (6), we find that
approximation/approach (4) 1t is possible to use virtually ia the

entire shadow zone.
Page 29.

Using approximation/approaca (4) for Presnel's integrals, it is
possible to also siaplify field expression (2):

&r ’ o a ’
| — =t sin — sin ——
AT - 2 2
Eir, ¢ = —e l

acos ¢ 2

. 17

Proa formula (7) at the anign values ¢ it follows that

ad
sin T Sng
/. .
‘El".q\=d—?—1——-—“ . (=
—sing
'
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i.e. that aamplitude fielid distribution (2) in the values ¢ indicated

corrasponds to field distriouticn of emitter in the remote zone.

?ig. 3 gives the grapb by the envelope of distribution (2) and
the envelope of lobes/luys, caiculated on the basis of approximate
formula (7). It is evident that in the shadow zome both curves
virtually coincide, This fact comfirms the validity of the accepted

during evaluatiosn.‘estimate ’'-un criterion.

Thus, undar condition (6) field in the Fresnel zone in the
shadow zone is described by the function of form (7) and is
charactearized by the fact taat 1n 1t there is no redistribution of
the energy between the adjacent side lobes, But then this part of the

field must not participate in shapaing of DN in the sector of angles

1
Lo S Gmn.

R L)

Trus, valua ¢.... deterainsd oy expression (6), can be taken as
the boundary of sector, aeasurement in which 2nsures correct

rastoration/reduction of DN in the same sector.

Tha given considerations oy choice of the boundary of the region

ia which it is nacessary to maasure the field of antenna for the

- - e sy e
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subsequent restoration/reduction of DN, were checked by the numerical
calculations of DN acccrding to strict formulas and the aethod of the

optical simulation of rrobiem.
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2age 30.
CALCULATION METHOD AND NUMERICAL RESULTS.

3y the modal of anteana serves band with a width of 4, gashed in
the infinite flat/plane ideally conducting shield. It is known [ for
7] that, solving the system of eguations of Maxwell in the
cylindrical coordinate system and taking into account boundary
conditions on surface cf shield, field at any point of space r>d/2 i+

is possible to present in the form of the series/row

Eir, @)=\ A, H(krycosn g, 9

=i
where 4. the coefficients, waich depend on the function of field

distribution in the aperture; H»kr) the Hankel function of the

second osrdar of ordar n; k=2»/A\ - parametar.
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Applying the asymptotic representation of the Hankel function at
+he high values of r (at tne larya removal/distance from the
antenna), from =2xpressicn (9) we will obtain DN:

Eg)= ] 'Ie"“"‘%": in4_cosn . (10)
L kr -

In this preblem it is aexamianed restoration/reduction of DN for
the case when on circumference r=r, in the interval of angles [¢,,
#,) £i21d distribution coincidaas with the true value, and out of this
interval it is squal tc zero. Line r=ry, #, S#&, can de
conditionally taken for tne new radiating aperture and its field to

record in the forn

E (r. ¢) = E B.H® (kr)cosn ¢, L1y
2=

where r varies from ry t¢c =, moreover coefficients B, are such, that

«
E\(ra. ¢)={ Eag) tem qi<o<ge (12

0. Tecwm <@y, 7> ..
Kevy: (. TS,
On the basis of expressions (11) and (12) coefficients B it is

2asy to express through coefficients An:

>
- : . ;
B, = TH dry) E AnH 2 (k) L ams (13)
' =i
shere
; ,__l_;’sin(n—mc;_l_ﬂnm——m)tp]fr' (14
T § " —_m ' a—-m s '

JepronES PR
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Thus, for that obtalning as a result of reduction of DN w2 have

the following 2xprassicn:

RN _i')"—':l = . -
EL g)= l/ ;‘%’e + ! Y l”B,,COSrH;. (13)

LES)

vhere coefficients B, are detarained by foraulas (13) and (14).

7or calculating the field £, {(#) it is necessary to know

oafficiants 4. which on tae basis of expression (11), can be

calculatad as the coefficients of Pourisr series a precisa DN. It is
03ssibla to also find them, if we consider as the given one £ield

iistribution in antenna aperture.

3y the obtainad foramulas wera calculated reduced DN, and also
field distributions at aifrfersnt distances from the aperture.
Calculation was performed with different value of the sector of

anglas #,=-9,=a,

As an exampl2 in Fig. 4 are represantzd DN of antenna with a
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e

langth of d=6.4x for case of ry=3d, that coamprises *blf% at values of
a=20°%, 35°, 50°, 65° and 90°, and a0 Fig. 2b =~ the aaplitude

characteristic of field om circumferance ry=34 ¥ith the c2nter in the

niddls of aperturs=.




A A —— . ek Bt i1 ” 5 e — il v -

DOC = 30134003 pace G
’ 72 v 7% # & 72 #u #
| |
| | |
. ! . : |
. 1 | |
N ! ;
3 i |
§ 2 L, ‘4 ‘
] | !
. A | ?

~

Y9

S

QIHICU 68 H8IE YR IBENS

Pig. 4.

Kay: (1). Relative level of power, dB.

Page 32.

The special feature/paculiaricy of the field of antenna with the
small electrical sizes/dimensions 1s the fact that already at
comparatively small distances from the aperture fi2ld distribution as
a whole reminds DN. In this fiala already it is possible to isolate a

ma jor lobe and correspcnding to tae size/disension of antanna
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juantity of side lobes. A fundaaental difference in this field
distribution (sae FPig. <Zb) rtrom DN is in the significant magnitude of
field in the nminimums, and also in a difference in the side-lobe

lavels from their values in tae TLemote zone.

?5rc tha casa in Juestion vaiue o¢min, determined by exprassioﬁ
(6), coaposes 229, Calculations saow that at values of «>22° in th=a
reduced DN correctly are reproduced the levels and the position of
the lobas/lugs, which fall i1into che intarval {-a, a}, in which the
fiel. is assumed/sst by tne equal to the true field of antenna. This
r2sulz confirms don2 above the conclusion that in the shadow zone the
«ransformation o2f field from tae near zone into tha remota occurs in
such a way that the anqgular redistribution of energyy occurs in
essenca between tha directions orf the minimums and the adjacent siade

lobe.

Qut of th2 interval [-a, «] DN noticeably is distorted: vary
lavels and are Jdisplaced tas directions of side lobes, appears the
noticeable laval of field in tne minimuas, appear further side lobes.
The r=ason for such distcrtions consists in the fact that during the
rastoration/reiuction is excluded from the sxaminatior that part of

the field of antenna, whicn foras DN out of the interval [-a, a].

Tha practical conciusion/output which follows froa the

ER——
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aforesaid, consists in the fact that for a precise
rastoration/raduction of uN of aateanna with the small slactrical
sizes/dimensions in the assigned sector it is necessary to measure
the field in the Presnel zZzone in tn3 same (Oor somewhat larger in
order to> completa2ly take tae latter from the measured side lobes)

sactor of angles.
OPTICAL SINULATION OF PROBLEN.

Por calculating restor2d/reduced DN and field in the Fresnel
zone in the case of antenna witnh tae large electrical length it would
be possible to use formulas of the previous section. Howaver, the
nuaber of terms of serieés/row, which must be in this case taken, is
extremely larg2, In this case it proved to be convenient to use for

the solution of problem tne method of optical simulation.

das assambled the diagram, depicted in Pig., 5. 0On the path of
the luminous flux with the flat/plane wave front was placed slot 1,
which played the role ot the radiating aperture. At certain distance

from it was placed slot 2, which cuts 2ff the part of the light

field, diffracted on the first slot.
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Page 33.

As a rasult of tha transforaation of field at certain distance froan
the s2cond slot is formed/shaped DN. Porm of this DN depends on the
value of the angle 2a, at wnich 1s visible the second diaphraga froa
the center of the first. lne measureaent of field Jdistribution was

conductad with the help of the phoroelactric diagram.

In the first part of tane experimants was tracad the structure of
the fi2ld of uniform cophasal aperture in the Presnel zona with
diffarent distances frcm the aperture. The second slot in this case
vas abseant. Th2 process of foramation DN can be clearly traced in Fig.
63, b in which are represented the photographs of field distribution
in tha space, beginning from tne near zone. As the emitter is
salectel the averture with the elaectrizal size/diwension of d=500a
(A=6328A°) ., In the photograph wita the smaller delay (Pig. 6) is well

visible the process of the formation of major lobe of DN, while in

the photograph with the laiger dalay - procaess of the formation of
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side lobes. Jn the character of a change in £field distribution in
proportion to removal/dastance froam the aperture it is possible to
judg2 also by of the curves of Fig. 7a, b, c, d, vwhere are
reprasented experimentally taken/removed field distributions of
aperzure d=500x at distances orf r, =2qual to 54, 204, 604, 2004

respectively.

&

[P
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Analyziny the form of tnese curves, it is possible to note that:

- the env2lop2 of tha lobess/lugs of distribution in the shadow 1

'
t

zone with an accuracy to permanant factor close to function

- in proportion to ramovals/distance from the aperture appear *he

nav, adjaceant to tha principal maxiaum side lobses;

- angular dimensicns of lobes/lugs in the shadow zone are

approxiszately 2qual and coapose value on the order of 0.114°9, whila
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in the ragion of penumbra somevhat mora. This tells about the fact
that tha trajsctories of lobes/luygs in the region of penumbra yet are

not straight lines;

- form of field curve at a distance of r=200d4d reminds DN, i.e.,

at a distance on the order of this value field distribution

complataly is divided into the priaocipal maximum and the side lobes.

bt
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Page 35,

Thus, in the £i214 of aperture first are formed/shapaed distant




DOC = 80134003 PAGE j%;;7

lobes/lugs with the large reterence numbers. Then, 1in proportion to
ramoval/distanc2 from tane aperture, an increasing quantity of nesar to
the porincipal maximum side lones is disengaged "pelestal", also, upon
reaching of distance of r=d2/4n, for which on the aperture is placed
one Presnel zon=2, actually i1s drawn entire/all DN. These results
coincide with %he rasults of tne numarical calculations, given in

work [2].

Let us note that analogous situation for the antennas with small
apertar2s it b2gins consideraonly earlier (see Pig. 2b), i.e., field
distribution reainds DN already 1in the near part of the Fra2snel zone,
vhat is the corollary cf dirfferent dependence from ths eslectrical
sizes/dimensions of the aperture of distancaes to lower boundary of
Fresnel zone, and to the region where the distribution is siailar on

DN.

The second part of the experiaments consisted in the measurament
of DN ia the pra2sence of the second slot, which cuts off the part of
the field in tha2 Fresnel zone. Figy. 8a, b, c, d depicts those
measurad DN depending on the valus of angle a for aperture 3d=500\
with r=10d. Por th2 comparison Fig. 8f gives a precise D¥, i.e.,
fi2ll distribution in the output plane in the absence of the second
slot. However, the distrioution of the field of th2 imitial radiating

aperture in the plane of tmne location of the second slot is
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rapresanted in fig. 2a., Tae analysis of distributions shows that, if
the sector, in which is fixed/recorded the field in the Presnel zone,
axcaeds value ¢m,.. determined Dy expression (6), then DN is restored
corractly in tns samé sectcr. o tais case corresponds the curve,
depictei on Reed. 8e, since, o0 tane basis of expression (6), for
antenna aperture with opening d=50uUx at a distance2 of r=104

gmin=23°43"" But if in the measurements is not considered the part of
the fiald, which is included ian the region of direct radiation or
penuabra, then during tne restoration/reduction of DN are observed
considerable chang2s in its fora, up to the first side lobes. Of this
it is possible to be convinced, analyzing the form of the curves,
depicted in Fig. 8a, b, ¢, d. This confirms the correctness of tha2
obtained above evaluation/estiaate of the boundary of the ragion of
aeasurenents ani it makes it possible to claia that condition (6) is

not only sufficient, but also aecessary.

'Thus, the results of tae optical simulation of problem show that
for the correct daterasination of DN of large antennas accoriing to
the rasults cf field measurement in the Fresnel zone it is necassary
*hat subsequently its restoraticn/reduction compulsorily w<would
participate the field, included in the sector of angles iq!<y...
vhera «... is determined by expression {6). If it is necessary to
deteraine DN by the sector, wiaich exceeds T-:». then in the Fresnel

zone it is necessary to measur= the field by the sactor, syual or
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somedhat exc2eding the yiven one.

Page 36.

CONCLUSION.

Thus, thz analysis of the structure of field in the Fresnel
zone, and also calculation and optical simulation DN maks it possible
to do the conclusion that rfor the correct restoration/reduction of
fiald distribution to remote zone in the limits of the sector, which
encompasses a principal maximum and the defined number of side lobes,
is sufficient at the final distance from the apecture to measure tha
fieldl in the sector whose value is not less as the interval of angles

in which it is necessary to determine DN (first condition), so 2also

the interval, determined by expression (6) (second condition).




n
-~
2]
(=3 +
(o] el
o
o 1] ﬂ
R g 4
ﬁ T Jn a A
=3 .
- S —o -t W »
A (o]
_ =]
ﬁ Z n A
- - .. —Qv e °
-~ N EY) -~
S . rd 18] [}
- - n @ +
: ~ 7 8
) = o o n
| . 8] =
o o + @
. o AL [— o B . A S— t . | 5] L
L . S S ] 5 b & o> 4+ - ¥
A ol S o .
R S A = > & o
-Q Raj ﬁ . t— -4 . +
A sk DU SV R R oA
0 _ 00 ] R w2 ~ [\ - o
PUIoN IOl IHIGOTHE TSI AU NION 11, DUIOK IO SHIGOTS I 1NN PNt ) U010 INFPOOS PN NNty s o a 2
@ = G ) ~ e o ot
I -1 B = @w = 0y o+ o
Fle [ B TN na SR T - > m ~
> | 1 o
. N ’ - ! ] - >
N s S AL S S B LV UG L S g 3
N g V N ? AR s g o
..{,/ 3 k Rl RoToR SRR ERS SUMA S | ¥ | ~ n o] +
U] 1§ L)
: R « T s e GRS S S S R N " > 2 A
ﬁ Aw N 3 = Tt 5SS o o v -
MM L I~ U T . ‘w.yV|I‘W . 4 » n b
= = . Av N 7] > - H
o ﬁ — =]~ 11 1 b S . 9 Q e o~
AV — = =¥
Y SN S S S L} 1S S I N m o) £ 0 o
= —— [o V) & s
N U T A { t [ SO U mmﬁv!! el +» o
] (& | = o 2 N “_ » £
- — | - 1 U -4 - - v 0
- 1m — —— b=t —t- J oA n -l +
| —— — ) L} 0
[N o9 o
SES Y ® % Cés v H 5 Zoo L I S A A
Mw ‘R\\s%\\s\a SHIOTE meHouIInIGHIL)  TUGICKION SHIPOSE [P INSUIUDICHIGY v%w‘%*\\s:\ WopoIns 5.::&_5\\.%&&\% % v “
. - =) . ’ e =
— - § (=4 o] [ =]
c Oh.vv . o (]
~m — . — ~
. - ~ ()] ~ 4]
" [e o) ~ ™ E= (=] ]
a» oy 2
C - e e s
C o L] o; 9] (o] ©
0 - (] o o] 9 o
Py N eV} o, haed =




N —— Ty oy

i oo iAo s o i i o o . e e -—‘

DOC = 80134003 PAGE .h?/

n2cessary to Jdatermine 0N, LD OocCcCurs antennas with the largje
electrical siz2s/dimensions 1t predominates the second condition also
for determininy DN necessary to measure the field in the region of
direct radiation, penumbra and part of the shadov zona, deterained by

expression (h).

In conclusion we use the possibility to express a dsep gratitude
to A. A. Lemanskiy and N. I. Dmitriyeva for the consultations and the

aid in conduc*ting of calculations.
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Synthesis of the linear of thne antenna in the class relay functions

of current distribution.

B. I. Krupitsxiy, T. ¥. Sergeysnko.

In the work is examined tae solution of the problam of the

3 synthasis of line-source antenaa in the class of the relay functioans
}
j of curr=2ant distribution according ©o the assigned real or amplitude
.

to radiation patterns (DN).

Is used th2 numerical miniasization of the functional of sarror.

Ara givan the results of caiculations with the use of ETsVX

[ suBM - digital computer].

Th2 known methods of approximata solution of the probleam of the
synthesis of lins-~source anteana lead to the continuous at the length
| of ant2nna distribution functions. In tha present work is proposed
the solution of the problem of the synthesis of line-sourca antenna

in tha class of disruptiva-peraaneat 3distribution functions.
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The synthesis of line-source antenna in this class is of
intersst for two reasons: rLirst, it logically applies to the case of
the antenna, which consists of the separate elements/calls with tha
continuous current distribution; in th2 second place, in a numbsr of

cases it it l2ads to the more simpiy r2alizable current distribution.

fFrom entira variety or tas problems of the synthesis of
line-source ant=2nna, notad in vork [ 1], in this article is examined
the problem of the synthesis of line-source antenha in the class of
the relay functions of curreat disctribution according to the assigned

real or assigned amplitude of 2N 1,

POOTNOTE !, By relay functions 1t 1s accepted to call
disruptive~permanent functions cf £orm Ji=i,swnyiii]==/.. Wwhere v..: =
arbitrary continuous function, and I, - certain constant, in
particular, I4,=1. The class of reiay functions we will further

designate through Q2. ENDFOOTNOTE.

This problem has much in common with problem synthesis of the
phase~keyed signals, and for its solution can be used the known
asymptotic m:thods and the ainimization of the functional of arror,

realized with the help cf TsVM [2]. Let us note that the aethod,

proposed in [2], is generalized to the case of the synthesis of tha

iaportant class of antennas - discrate-commutation.
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SYNTHESIS OF LINE-SQURCE ANTENNA LN A CLASS OF RELAY FUNCTIONS OF THE

ASSIGNED REAL DAY.

Tha examina2d in this section case2 is of special interest Zor the
syntha2sis of the line-source antenna, arranged/located perpendicular

to the well conducting tlat surface, in particular if necessary for

svwinging beam of DN,

The amplitude of current daistribution along the antenna is

assigned constant, and phase varies by jump on 180°, i,e., //¥)€Q.

Page 39.

With th2 synthasis of this antanni unknown ars only the points
of tha commutation of the pnase of current on 180% (point of
switching the ralay function I(x)). Let us designate them through
Xx. Thus, it is neca2ssary to determine “he function of current
distribution J/(x)€ Q of the condition for the best approximation to
given one fialf). where 6 - angle, calculated off the normal to the

axis of antenna.

Lat us introduce into the axamination the standard-exponential
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veighed error in the approximation/approach of DN of antznna P(3d) to

Faan(e)Z

(¥

T

i, L
sF,.n(e)——F(ew:pme)d(e)}’={fJm}’. M

wvhers p>1; p(8) - positive weignt runction,

daight function p(9) makes it possible to redistribute the
accuracy of approximations/approach to the assigned DN in different
sections of gap/interval (0, ./z) in accordance with thes practical

considerations.

gcror ¢ is determinea by the value of the fuactional
n/2

J = 5‘ | Foaa (8)—F (8) #p (8)d (6). ¥i)

Q
Tha best approximation P (9) to Fua(8) in the space metrics
LAO.%}](p;:U will be egquivalent to the determination of this
function /(x) € Q, which minimizes functional (2). Let us note that in
the limit in p—>»= of minimization J [I] it corresponds to the best

approximation in the space metrics C (0, »/2), i.e., to the best

uniform approximation.

Th2 relay function I(x), waica has N of the points of switching

at the length cof antenna, wita an accuracy to sign is deterained by ¥

by paraameters X
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FPunctional (2) always can pe repr2sentad in the forn
JUOI =0y, x, - - x, ) =D(x,) . 3
vhera m(Iy) - cartain continuous function N of variablesalternating

xx. ¢« = n-dimensional vector wita components .

Thus, for sach N prooiea is reducad to the determipnation of the
ainiaum of the functicn of amany variable/alternating., This problea
can be solved by ETsVM with thne help of the detailed at present
multistage methods of the search orf the extrema of the functions of

many variabla/alternating <, 3]. In this case it is nacessary to

consider that these methods make 1t possible to find the local
ainiaum of functional (J3), in connection with which findiag the zero ;

approximation, close “o tne glopbal minimum of error, it is

independent and important problen. {
Page u0. :
i,
.

zethod of the minimization of fumctional (2), based on the solution

It nust ba notad that in this case it is feasible and another %
‘.
of spacial nonlinear integral equation [2]. In the specific example ;

|

of synthesis, given below, is used only first method.
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DN of the antanna, arrangyaeds/located vertically above the idsally
conducting plane, is described by the function

hy o R .
%icos{‘—xsme
LA

FB 6,)= \ [, 8 dx = All (0] 4}

. 1sin ’rr"_ixsine] l
' R N

whers h, and h, - Iistances of the lower and upper ends/leads of the

antenna from th2 conducting surface;

99 = angle at which is orianted principal maxizmum DN of antenna

in the casea of oscillation.

Tha selaction of cosina or sine ian the curly braces is
determined by the polarization of currents (by longitudinal or

transverse respectively).

As is shown the given below example of synthesis, the use of
relay functions of curreat distribution makes it possible to
effectively control the sharpsacute DN of similar antennas by

changing the coordinates of the points of svitching these functions.

As an example vas examined tne case of the synthesis of antenna

vith DN of the follcwiag form:

¢ o =3 e ————— < =
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2
sin [—h(sine—sin 8y) }
Fan (8, 8))= o , (99
Th(sin 0 — sin 6y)

vher2 8, - reaquired angle of deflection of principal maxiaum DN;
h - height of antenna (h,;=0; h,=h).

4as examined line-source antenna with the longitudinal and cross
polarization by length 5A. The angie of deflection of fundamental

ray/beam of DN 8, vas chanyed froa 10 to 709,

2roblem was solved for the case of the root-mesan-square
critarion of approximations/approach (p=2) DN of line-sourca antenna
(¢) to the assigned DN of fora (5) on the assumption that weight

function p(9) =1.

P>r the determination of the zero approximation of the
cooriinates of the points of the commutation of the distribution
function it is =2xpedient to use the continuous current distribution,

vhich corresponds to the accurately realizable DN of the fora

511 ["_—‘h (sin f =— sin9,,) Jl sin ‘[“— (sin A —sint '
/. - ’,. H -
F9 8= — — S T

A . 2n
— h(unH— \inh, = NenB — «anh
2 2

g ~
>

vhera plus sign corresponds to longituiinal, and minus - cross

polarization.
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-

DN of foram (6) undar condition fl fismu.>1 very close to the assigned

DN (S). It is not difficult to see that DN (6) will correspornd the

current distribution accoraing to the law

i een
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[cos (2—1 xsin 8,.] '

A
[(x, 8,) = - !

.o . '
Sln,[.—xsm 60} t
LA

vhere the upper a3xpression corresponds to longitudinal, and lowver -

cross polarization.,

As the zaro approximation for the points of the coamutation of
the relay function of current distribution were undertaken zero

functions (7).

Those obtaina2d as a result of calculation on I'sVM DN are

depicted on Fig., 1 {(dotted line) zfor the longitudinal polarizatiorn

e Foy .
andAZ for the cross polarization.

|
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Page 44,

The givan DN are depicted as solid line., It should be noted that
root-mean-square error of approximation/approach ¢ to by the
assigned DN does not exceed 0.132. Por the large angles of deflection

(mora than 40°) coincidence with the assigned Dn sufficiently good.

Pig. 3 Jives the character of a change in the current

distribution along the antenna at different angles of oscillation DN

(a - longitudinal polarization, b - transverse). With an increase in %

the angle 64 jrows a number of comautations of the phase of current P

at the permanent length of antenna. ff

SYNTHESIS OP ANTENNA IN A CLASS OF RELAY FUNCTIONS OF THE ASSIGNED

MODULOUS/MODULE COMPOSITE DA

Lat us assume that it is assigned on the modulus/module the
composite DN F(u), and current distribution is sought in the class Q.
In this case appears the need of solving the nonlinear integral
aguation of the following form:

i mu(x—x’)

dxdx’; u=sin®; m=2+:, (8)

L
Ful= [ (10w e
=L

LTIV PORRE B TR
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wvhera /* (x') - the complex conjugate current distribution.

Por further synthesis aore expediently to pass in to another
equation which is obtained by the Fourier transfora of left and of

right sides (8):

™~

f |F(u)f ™' ™ du=

P

5‘ I(x) I*(x"y &' ™0V dudy'dx =

~

L
=L (1) I* (x—p)dx. (9)
m L
E Introducing the designation
R(y) = .J | F (u)2e™"™ du, (10)
1 we cona to tha agquaticn -
3
! L
R(y)=—;!- S [ (0)1* (x—y)dx: y€(=—o0, ), (11)
—-~L

whera I(x)=z0 with |x|>L

It is important to note tanat function R(y) is coaplately

determined by the assigned modulus/module composite DN. PFunction R(y)

it is possible to call the autocorrelation function of current

distrcibution.

Page 45.
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If J/(x)€ Q then function R(y) will be real, and then we come to

the equation
L
Ripp==L [ 10 1x—pde: y€(—oz, ), (12)
m oA
vhera all entering functions real and /(x)=0 when |xj>/ 1In this

case, the connection/comaunication of autocorrelation function with

DN will be determinad ty the relationship/ratio

Ruy=2\ Fuu)*cos(muy du, (13

[l PO

wvhich is obtainsd taking anto account the parity of aodulus/module DN
P(u). The parity of functioa |F(u)| follows from that fact that with

Im {I(x)]) =0 P(-u)=F* (u).

Bgquation (12) is analogous with the equation of the synthesis of
the phase-keyaed (P¥) signal for the assignaed autocorrelation
functioa., In connection with this for its solution also can be used

the apparatus, proposed in [2].

For the purpose of simplification in the use of an apparatus of
synthesis of PM signals according to the assigned autocorrelation

function let us change the beyinning of reading of coordinate x along

the antanna so that the expression DN would take the fora

L ,
Fun= j e ™ “Ixydx'. (14)
3

VT e 2 e Ardivima e )
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Let be assigned DN |fua(4)| in segasnt [-1.1], which corresponds
a LI s .
to the region of real angles 9[-;—<9<';)- Let us continue it into
the region of the imaginary angles, as usually this is done with the
synthesis of relatively lony antennas (with 2L/\5-10) (4], assuaing

that |Fug(u)|=0 when [u[>].

Than for deteraining the assigjned autocorrelation function we

vill have a relationshig/ratio

1
Roug () =2 | [ Foaa () {? cos (muy) du. (15)
&

The problem of synthesis is reduced to the determination of
function /(x') € R, which ensures approximation/approach R.a(y) with

real nonlinear operator (12).
Page 46.

Poc the r=2alization of approximation/approach R(y)to Ru.a(y' it is
expediant to normalize these functions to unity. Since maximuam value
of functions alvays ¢orresponds y=0, and to I(x')=+-1, than one

should take

2L
R (u) =+~j 1ix') [ (x' —y)dx’ (16)
and b

[

]

Ryuly) = - Y | F ya (u) * COS (Muy) du.

v

ibitinitisiod
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]
A= {|Fsw)du. (18)
!

.

Punctional of the error, the subject of minimization, by the

force of parity R(y) takes the fors

2L
JN= {|Ru@—R@Pol)dy. (19)
0

wher2 p(y) - non-negative weight function.

Since as the final result us interests the
approximation/approach tc tfuaction | Fsaa(u)|. then arises the question:
does ensure the minimization of functionmal (19) best apororimation of

DN |F(u)| to assigned DN [Fsa(u)| inm the appropriate space.

Most simply responses/answer to this question succeeds in

obtaining in tha case cf p=2 and p(y)=1.

Actually/raally, let tae assigned DN be calibrated so that
2 [|Fux@)Pdu=1,
]

then

Raua ) —R(®) =2 [ { | Fun®) '~ F (@) P} cos (muy)dus.  (20)
0
Using Parseval equalaty for ths functionms, converted according

to Fourier theorem, we will obtain

| ((Rus)=R@Pdy =~ ((Fun@P~F@IP s (2D)
0

0

e o . o o e Y
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Taking into account that 2 (y)=0 with y>2L and (21), we have

2L @
110 = { Ruz()=R@Pdy = — [ Fun (@ —|F @) 1) du—
% 0
x 1
- \ Rgax(y)dy=_’:" Y{IF:’:A‘”H’_,F(u)P}'du+
L 0
o] ” 3 a :
-— | Fl)f*du — 5‘ R, (ydy. . (22)
1 9L

Second tera in expression (22) detormines the reactancae of
antenna, sinc2 it corresgonds to the integration for the region of

imaginary anglas 8.
Page 47.

Latter/last composed wicth the assiyned DN always can be coaputed its
value it limits the ras error for the approximation/approach of DN of
antenna to the given one, which with a small reactance of antenna

cannot be less than this value.

Expression (22) shows that tne minimization of functional J [I]
does not guarantee the siamuitaneous aminimization of an error in the
approximation/approach of this function of DN of antenna |F(uj|: it is
siniaized the suam of "error“ and of "reactance". In spite of the

deficiency/lack in this metnod of the synthesis of line-source
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antenna indicated, it is remacrxable fact that it does not require the
assignaent to phase DN and makes it possible to uss only with the

real functions.

According to the obtain@d currert distribution amplitude of DN
it can be calculated according to the foramula
oL » aL ) ) , .']l > .
\F (u);={[ (l(x')cos(mux’)dx"l 4-[ [1i)sinimuxhds’| . (23)
) 0 !

which can be given also to anotner sguivalent fora.

Let us designate the points of the comamutation through
X (k=12 .. N—D). and the coordinates of the ends/leads of the anteanna
through x'4=0 and x~v=2L. Then, calculating integral composite DN (14)

according to the sections, we ootain

N~—1 Ty | N .
=_1- — * i mux’ 'I=—‘_— lmu\'k 4
F)= + g( 1) f e ™ gy _imué‘oc,,e L@
vhere o

Ce =2(— D", Cp=1, Cy=(—=D""
(k=12 ..., N=1).

The sign before the sum must coincide vith the sign of function I (x')
in the first section [x*y, x';]. From (24) it follows that the

amplitude of DN

A |

o o N
'F (u)! = m [ao+ 2 }_ a,cosi mu.\'k).' . (25)
3

— e sk et
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vhere

N—k
ak=v C,,C,,_k: £E=0,1,2 .. ,A\.

n=0

Exprassion for |F(0)| to more siaply obtain directly froam formula
(24), assuming in it u=0. Then
A | i

JFOV =" N =D (x| —x)) (26

L R=Q

FPoraulas (25) and (26) are completaly squivalent (23).
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Page 48.

It should be noted that tais method of synthesis can be easily
propagated t> that case when amplitude current distribution according
to the antenna is fixed/recorded, but it diffars from unifora. In
this case, naturally, functioa 1(x) vwill not belong to the class of
re2lay ones., How2ver, it it is possible to represent in the form

1) =4 (), (). ¥ €10, 2L1, (@7 |

wvher2 gq(x') - assigned aaplitude distribution of current;

Ip(¥) — unknown relay function, determined by the points of the

coamutation of the phase of currsant on 1800°.

The methodology of the solution of the problemfof synthesis
remains previous with tane only difference that the instead of formula

(16) function R(y) must be assigned by the expression

2L
J a0 g — ) 1o (x) 1o (x ~ y) dx’
0

Ry) = (28)

2L
fahf)n’
o

The use of relay or Juasi-relay (/=q¢/;) functions of current
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distribution is of fundamental interast from the point of viewv of the
expansion of DN of long antennas. In this case this method is sinmple
during the practical realization and allows/assumes the use of
programmed control. Using tais metnod in the antennas with slectrical
beam swinging, it is pcssible operationally to pass froam the
mode/conditions of the “consacutive" survey/coverage of space by the
parrow scanning beam to taa modes/conditions of "parallel"
survey/coverage by wide motionless ray/beanm; in this case for the
creation of relay current aistripution it is possible to use the sane
control units of the phase of tna oscillations/vibrations which serve

for the oscillation c¢f narrow beaa. i

In conclusion let us prasant some =2xamples of the synthesis of i

line-source antennas by method examined above on the assumption that

weight function p(y)=1 and p=2.

Example 1. As the assigned DN let us take sector, i.e.,

I u < uy
CF g (w) =[ ‘ o {29)
1 0. u' >Su,
Then
oy L
sm{;—u,,y
Ruapy= —— 2 o<y<aL (30)

- Uil

Page u49.
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The zero approximation for distributing the points of
commutation «x. of function I(x), which corresponds to expression

(30), lat us determine with tae aelp of the formula

) ]
X - p=12 ... .
ST m k=12 , 31)

whers y - certain coefficieant, analogous to contraction coefficient

of PM signal.

In work [{S] the fixed points of the commutation of phase and the
autocorrelaticn function of signal of the formulas, similar (31) and

(30) .

Coefficient y in the example in question is determined through

the length of antenna 2L and tne width of DN u, as follows:

y="""T2L. (32)

The longer the antenna, the greater the coefficient y and the better

will be the approximaticn/approach R(y) to function Ria(y).

For an example were axamined the antennas by length 10X and 50X
with ths width of sectcr uy=0.5. For these parameters the coefficient
v is equal to 10 and 50, and che function of current has 5 and 25
points of comautation at the lengtn of antemrna respectively (Pig. 4).
In Pig. 4 dotted line sacwed current distribution in the zero

approximation,

%
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According to the obtained current distribution it was calculated
the DN of antenna, repressnted in Fig. 5 by solid line for 2L=50A and

the dot-dash for 2L=10X. Tne assigyned DN is depictad as dotted line.

The calculations cconducted show that the obtained current
distribution diffars signifiicaatly from the zero approximation, which
corrasponds to asyaptotic foraula (31) only for the antenna of small

langth. It is obvious that 1n this case the described above aathod is

effective.
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* 2(x)
f [ - =104
i | | |
; 7 . ! .
; l o 1 P
;
:' I
| A
[ 2L=504
i
i

Pig. 4.

Page 50.

For the large on2s y, which corresponds to the antennas of large

langth, the minimizaticn of the ftuactional of the error for

noticeable improvements does not give, proves to ba sufficient the

use of the asymptotic soclutions.

Example 2.

DN is assigned in the form of the function ]

A
T

sin ( = 2Llu)

| Faa(@) | = ' 33)

whera 2L, - length of the eguivalent cophasal line-source antenna,

which has the wide DN (this value can be much less thaa the leagth of'
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the synthesized antenna).

Problem lies in the fact that the same DN to obtain with the
help of the long line-source aatenna due to an altsrnation in the

significance in the curreat distripution I (x).

Corrasponding autccorralation function of the currant

—Yy. .
Rauaipy={ 4 ' (34)
0; 2g<y<2L
Zero approximation for distripouting the points of commutation

I(x) is located through formula (31), where the coefficient

- L
v=5r (35)
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o (il
-f\\nf:! :

1§ = N2 ~l0 =2 ~0F <Y -92 0 82 QY 4F 48 10 2 1Y 1884

Fig. 5.

Key: (1) . dv.

Page 51.

As an exaaple were taken aateanas of length 10X and 50x. It was
necessary with the helf ¢f these antennas to obtain DN, which

corrasponds to half-vava dipols, i.e., 2L =\/2.

Pig. 6 depicts the assigned DN for the half-wave dipole (dotted
line), and those also obtained as a result of calculations DN of
line-sourcs antennas as leagth 10A (dot-dash line) and 50X (solid

line) during the corresponding current distribution I (x), shown in

Pig. 7 (zero approximation is shown by dotted line).
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From Pig. 6 it is avidant taat the character of a chaage of DN
in the line-source antennas witn variable distribution corresponds to
DN of half-wave dipole. Due to variable current distribution I (x)
occurs consiilerable expansion of DN, For the antenna by length 10X

the axpansion of DN occurs 20 tines, and at the length 50X - 100

tines.
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‘F/éliﬂu}
¥
V)
=3
-8
-3

\ ¥ »

NVA

\

Pig. 6.

Key: (1). dB.

ll(x)

‘I(X)

NI SERL b 52

Pig. 7.

Page 52.

CONCLUSION. ;

Work exaamines the problem of the synthesis of line-source
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antennas in the class ci tae relay functions of current distribution
accocding to the assigyned real or amplitude of DN. The givea ia the
work examples of calculations confirm the possibility of obtaining
the given DN luring the phase ccntrol of current distribution along
the antenna. In this case, 10 tne case of antennas with the large
extent, sufficiantly effective provas to be the asymptotic methods of
obtaining the corraspcnaing curreat distribution. The aininization of
the functional of error proposed it is desirable to use for the short
anteanas vhere it makes it possiple to make mora precise the found

with asymptotic method current distribution.

The results of work can pe useful from the poiant of view of thae
construction of the antennas, arranged/located above the well
conducting flat surface, and also the 3xpansion of the possibilities

of long antennas vith the phase ccntrol cf DN,
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Synthesis of arc and spherical antanna arrays.

L. I. Ponomarev, I. S. Yuspray«h.

Are given the algoritaa of the solution of the problem of the

synthesis of convex antenna arrays by the assigned vector radiation
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pattern in space L2 witn the use of an apparatus of vactor
sigenfunctions *o the concrete/specific/actual relationships/ratios

of synthesis for ths arc and spherical gratings.

Ara analyzed the results orf tae numerical calculations of the
synthesis of arc antenna array from the longitudinal slots,
arranged/located on the surface of the ideally conducting cylinder,
for the wide interval of tne values of an elactrical radius of
cylinder, step/pitch between tne eaitters and the angular dimeasion )

of grating.

l In the work is examined one of the possible methods of the

solution of the problea of the synthesis of anteana arrays by the
assigned vector radiation pattera F,,f ¢) vith the use of an apparatus

of its own vector functions. Moreover best approximation to F.:(8.¢) is

sought in space L2,

The method in question can oe used for the synthesis of the
antenna arrays of arbitrary form the radiation field of which can he
presented in the fors of tha set of its own waves. There is special
interest in the use/application of this method for the synthesis of
convei antenna arrays (arc, circular, spherical), because the known
methods of the synthesis of linear antenna arrays vith the synthesis

of convex gratings do not alvays prove to be effective.
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PORMULATION OF THE PROBLEA.

Let us designate througyh ;(0, #) the radiation pattern of the
synthesized antenna array in tne remote zone. Then the condition for
the best root-mean-square approximation F(9, #) to the assigned
radiation pattarn Fulm:¢)v111 be tne achiavement of the ainimum of
the axpression

[1F® 01— Fual®. @) ds. (M
{ .

vhere S, - spharical surface orf a single radius.

Lat us present F(68, #) aud ?unw.¢)in the form of series/row

along the system of its own orthonormalized on S, vector functions Tmm.ql

FO 9=V Cn® ¢ Fua® ©)=Y Aufn(®. g (2

m

vhera composite coefficieats An=A, +id; are calculated from the

formula

Am= f (ﬁ,u- En) ds. 31

Sy

but coefficiants C. are determined through the coaposite amplitudas

of currents ia radiators of array and can be recorded in the fora 2

C =

dml'/,'““dpm» |4‘

1=

-~
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]
vhera J =/+i]] — composite amplitude of current in the j emittar; ¥ -

is determined by a number of radiators in the array; 9Im=d ; +id, —
some coafficiants, whicn depend on the type of grating and on the

conditions for the standardization of radiation pattern.

)F’Yh—i: 1as=0m..
5
POOTNOTE 1, The condition of orthonormaliza<ion takes fora A wherae &,
Rronecker's -syambol, and expression (7,7;,, designates scalar

product /= and /. asterisx indicates the sign of composite

coupling. ENDFOOTNOTE.

FOOTNOTE 2, If on F(O, ¢) 1t is superimposad no limitations, then in
exprassion (4) coefficients d--=0 and N are equal to a number of
emittars K. During the imposition on F(8, #) of the condition for the
standardization of fore F#7A, r)=# where iy, - certain single transverse
unit vector, cosfficients d.,«0 and N in general early (K-2).

EWDPOOTNOTE.

Substituting axpansion (2) ainto formula (1), vwe will obtain

!li‘(e. ¢)~Foun (@ ) 2ds =! {:(cm—.4m)ﬁ,,(e. (p)!"ds. 3)

In expression (S) coefficients A, are not depended betwveen
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themselves, whereas coefficients C, ar3 connected with sach other by
means of relationship/ratio (%) and cannot be selected arbitrarily.
Therefore the solution of the probiem of the synthesis of the antenna

arrays mathematically is reduced to the determination of the minimum

of expression (5) under condition (4) .

3efore passing to the solution 5f this problem, l2t us note
that, after excluding the possibility of obtaining superdirectiomal
solutions, expansion (2) for'F(e, ¢) into S, to any dagree of

accuracy it is possible to approximate by the final sua of the fora

M
E@ 9= Cnfnl® . (6)

0

vhere a number of members of sum 4 depends on the alectrical
size/dimension of antenna. S0 it is knowvn [ 1], for tha
cylindrical anteana arrays of radius a with A4=2K0(K=E%—- wvave
number) the accuracy of this approximation at each point proves to be

not worse than 20/0.

Page 55.

Lat us compare value N, connected with a number of eaitters in
the grating, with value 4. If MKN, then relationship/ratio (4) is not
limiting when selecting of coefficients OCm i.e. in this case they

can be selectod independently of each other and tha minimum of
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expression (5) is reached at the condition
Cn=Am m<M. %)

Condition M¢N corresponds to the case of a large quantity of
emitters in th2 grating whena the distance between two adjacant
emitters proves to be less A/2 and according to its results this case
is close to the case of continuous current distribution in the

antenna.

In practices in the antenna arrays usually the distanca betvaen
tvo adjacent emitters is umore or egual to A/2, vhich corrasponds to
condition M>N. In this case coefficients Cn no longer can be
salected independently ard it is necessary to solve problem of the
best root-mean-square approxination‘?(e,o) t0 Fha(6.q) under

condition (4).
About the best root-mean-square approximation F(9,¢)7"d&¢)

Let us consider a guestion the best root-mean-square
apptaximation P(o,# to ?ndﬁqﬂ under condition (4). For this
ﬁurpasa, aftar substituting (6) in (1), let us make simple

conversions. As a result we will obtain

M M
[IFO o —Fux® @)ds = [ [Foa® @ ds+ T ldn—Cr*= X 14"
3 3 :

' ~ S, m=0 m=(

®
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As it follows from axpression (3), for the minimization of integral
{1) it suffices to minimize the sua
M
A = }. | An —Cnl*. 9)
m=0
Substituting in (9) the values of coefficients Cm from condition
(4), we will obtain
&t ‘N |a
8 =3 |A—N d,,,J,---d,,,,,f : (10)
m== | =1
In relationship/ratic (10) the composite amplitudes of curreats I
of already independant variablaes, and therefore thz necessary
condition of achieving the aminiaum of value A2 is the asgquality to
zero of partial derivatives of 42 on r2al and imaginary part /.
{j=1,24ee+ ,N). As a result we will obtain the system 2¥ of linear
equations from which it is possiple to determine values I, and

/% and then from (4) and values of coefficients (, ensuring the

ainimum of integral (1).
Page 56.

Let us note that the equality of zero first-order particular
derivatives detarmines only the necessary condition of extremum A2,
however, since the second particular darivatives of A2, in this case

are positive, then this extreaum is the miniaum.
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Lowering intermadiate liningys/calculations, let us give the
final type of system for deteramination

J/; and /;. ensuring the bast
root-aean-squarsa approximat;on'?(a,¢) to 7NJUi¢¢ under condition
() :

B =B v .
A , H . Pt = Uu. |
L N "
H i ‘ i : Sl
whera
Rt
Bo= Y (d & ~dp a7,
m=1u
M
Ia:i =.\_ (‘d'm df;:(—aml d;/)’
m==§)
M ' (i
Vi= S (— At — A ),
m=(
M
Y. = }_ Ay —d 4, — A d +d; 4.
m=={

The solution of systeam

{(11) 1s the solution of stated problem of
the synthesis of antenpa arrays oy the assiygned radiation pattern.

It should be noted that tne method of the construction of the
solution presented is the variety of the known receptions/procedures

of the theory of the synthesis of antennas with the use of a systea

of orthogonal partial radiacion patterns {7.8].

THE SYNTHESIS OF ARRAYS &ITd TdE MAXIMUM DIRBCTIVE GAIN.

Tha problam of the synchesis of antenna arrays with the

gaximua
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directive gain (knd) in the direction 84, ¥, during tha assigned
polarization of emitted in this direction field can be considered as
a spacial casa of the prcpblem or tae best root-mean-square
appraoximation of the stanaardized/normalized radiation pattarn‘;(e,¢)
(F(8o. qo) =05) 0 a vector delta-function 6§(8-8,, ¢-¢Q)Io (2,7]. Having
this in aind, l2% us present the radiation pattern of antenna array

from K emitters in the form of sum (6), where the coefficients

C},, = b,,‘JJ’!. i3

1

il =

. <o
— —ih

and ="~ — some coanplex numpers, +“hich depend only on the type

of antenna array.
Page 57,

Introducing tha condition for the standardization of radiation

pattern

M
0y @o)= X Cofm B0 §o) =iy “4)v

m=0

from relationships/ratics (13) and (14) not difficult to obtain
expression for coefficients C» or form (4), whers N is in general

equal K-2.

Therefore further solution of the problem of the synthesis of

antenna with maximum knd can oe reduced to the solution of system




e
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(11.12), where as coefficieats 1. should be taken the coefficients
of tha axpamsion of delta-fuaction §{ a—9°,¢—¢°fzo in the series/row
in teras of the systea of tne eigenfunctions:
An=Aio fm'9r o
Tha value of the maximum «xnd in this case can be counted on the

following relationship/ratio:

L .
Dpge= T . (13)

vhere 1\, — ainimua value (10), obtained with the substitution in

mn

{(10) of ths =solution of systea (11),

INITIAL RELATIONSHIPS/RATIOS OF SYNTHESIS FOR THE ARC AND SPHERICAL

ARRAYS,

Let us consider the obtained abova general solution of the
problea of synthesis in appendix to the concrete/specific/actual arc

and spherical gratings.

Arc grating with the lonmgitudinal emitters. Grating is the
system of the longitudinal nalf-wave slots, gashed on the ideally
conducting surface of the ianfinitely long round cylinder of an

electrical radius kA in the plane, normal to its axis (Pig. la).

Eigenfunctions im(8.¢) for tnis antenna are written/recorded in

|
|
|
|
|
|

ht
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the form (3]

A
_ HY (xa) cos(Tcose j cosmq |—
[m(8. @) = ———"— e ! . }to- (16)
V Nemt HY (xasin9) sin* 8 lsmm(F,
vhers
e 9%pu m=0.
m_'\l‘qu m== 0
T'cos(icosﬂ) :‘ N 2
. { ‘ ‘ H,,' (xa) !
.\,,:\( .')q ) - sindd Y,
¥ sin® 9 J 1 HY ikasin 8)
Key: (1). when., /. ., — sankel function of the 1st order, and priae

designates its derivative on the argument.
Page S58.

Coefficients

. k3 .
—imT fcosmg, l

e
bni= 1 A_’".—T— . L
™ ] e Hi!' (k@) { SINM G, J

With th2 synthasis of tais grating with the the maximum knd in

the directions 84=w/2, 9,=0 coefficients dmi are respectively equal

to:
i 1
Y b
_— | AR
dmj =bmj— — bpn (18)
I
V bml\' e
m:o ) NemEmd
b
dmo - mp
\\ 1
mK -
—0 1 N Ema
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but value N is aqual tc K-1.

ty

Arc grating with the transverse eamitters. Grating is the systen

of the azimuth half-wave siots,

gashed on the surface of the ideally

conducting infinite cyliander (Fiyg. 1b).

. .. i TR OWTIETDAIDI! TATIR Y1\ PO ¥y ol TS Tob e [ A capee
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rig. 1.

Page 59.

4 ———

The aiganfunctions of this anteana [3,4]

-—m 3
- e 2 1 |c0$171¢v]—l, _
P8 @)= ) Vo sin@H') (kasiny) |sinm ¢) ?
§ .
- metgd { sin mo)- 1
{ sasinB H (kasin®) | —cos mo tg J (19)
vhere
n
4 1 2 olg? . 1
N1=emn, ‘ — = TCgﬁ _ |sin@d®b. ,
' Jlcint 01 H (xasin®) © T (xa)sint8| AL (xasin @) 2 |
0 ' ’ !
and coefficients
. cos m
LT e e | .

bm/'———

——
[ eI eer s AT 3T e=ad ,m—,;&_;.gw-".w.__..‘,—j
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Spherical array. The problem of the synthesis of the spherical
gratings of smitters is xore coamplicated in comparison with the
problem of the synthesis of cylindrical gratings, since unknowns are
not only amplitude and phase of the 2xcitation of esmittars, but also
their polarization..lts solution with the help of method examined
above is possible only in two cases: if is assigned the orientation
of emitters on the sphericai surface or if there are no liaitatiors
for tha polarization of emitters, Let us give the initial
ralationships/ratios of synthesis with the given one of the
orientations of elementary slotted 2mitters on the ideally conducting
sphecical surface of the elactrical radius ka. The length of emitters

let us designate througa /m

In this case the systea of its own wvaves /. u(f.q)!) takes form

(1]
—ff,(ﬂ, @) = (—i)*t! (2n4-1) (n — m)! dP7 (cos 8) »;c.os me, .
2emn(n + 1) (n < m)! ae [sin mgl
X iy + —— Pr(cosg) | "IN M7} 21)
sin 9 | cosmeg | ¢
b IS I (2n -+ 1)} (7 — nt}!
fo® @)= (—1i) 1 2 mn (n+ 1) (n — m)!
P {—”'—P';(cose)‘—smm‘”.T_ 9P icos O | COSMG |~ |
sin 0 1a5m¢ | e 30 | sinmeg ! °-
vhera P? (cos 8) - the associated functions of Lagendre.

FOOTNOTE !. Index p here desiygnates the double index mn, and

superscripts 1 or u relate to cthe electrical or magnetic waves.

B B e T e e
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ENDFOOTNOTE.

Page 60.

Since alongy tha leagth of alementary slot the field of the an

its own wave varies insignificantly, then coefficiants h- can be

found from the folloving expressions:

@2n -1 (n—=m)’ i
b{,__, = ‘ EmAin—Liin—mil 2 ()
. . —sinme; |
[—msma,P;" (c:osej)'l L
cosme; |
3PT (cos B) { cosme; |
- sin®, cos { . s
a0 0=0; ! @i sinmeg; f
8:‘[___ ‘l i (2n — 1) (7~ m)! Im .
egmn(n—+ 1) (n+-m) il,(xka)
. . P (cos 8) ;
X [Slnfl/'——n’—— ! sing; {C?sm¢] "":—
a9 8=6; " sinmo; |
+mcosa;Pm(cos ;) [ —sinme; 1] .
| cosmg; |
. Tra . ae
vhers 3.0 =] ZEH. L (ka) a I (v)= —3—3@;

8.¢ — the coordinate of tne j slot on the surface of sphere;

¢ — angle between the direction of the j slot and in parallel

on the spherical surface.

RESULTS OF NUMERICAL CALCULATIONS.

Ty g = ey v e o

4

Alains ikt
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Using the obtained apove solutions, is carried out the nuamerical
calculation of the synthesis of grating with the the maxiamum knd,
that consists 2f the longitudinal half-wave slots, arranged/located
on the arc on the surface of the ideally conducting cylinder (Pig.

] 14) .
Calculations ware performed on TsVM BESM-6 for the wide range of
an elsctrical radius of cylinder ka, of step/pitch betwean eamitters 4

and the angular dimension of arc grating 2a.

During calculations accordiny to the obtained above algorithm it

is necessary to bound tne radiation field of antenna by the final suz
of its own wavas, In the worked out previously approximation amethods
of tha synthesis of cylindrical antenna arrays usually wvas considered
the number of wvaves, which does pot exceed an electrical radius o!
cylinder ka., In the present work a maximua nuaber of the vaves
considered was chosen equal of ek and was conducted tha accuracy
analysis of the soluticn depending on a number of the waves

considered.

While conducting c¢f numerical calculations was assumed that
value V.. entering in (22), does not depend on m and ka and it is

equal to 1.4,

U DB mpicmriie o 1 gl 41 7% e TNV
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O)

ez

Pig. 2.

Key: (2). ama/ka.

Page 61.

Pig. 2 jives th2 real graphs/diayram of dapendence ‘- on tae relativ.

index a/ka for ka=5 (pcints notec¢ values ‘m with ka=20). As it
follovws from the graph, the done propositionm is correct in region
a<ka. However, as show tha calculations, carried »ut taking into
account precise dependenca V= on a for cylindrical antenna of
radius ka=5, th2 error in tne Jetermination of the zaximua xnd does
not exceed 100/0, but the error in the optimum amplitude-phase

distribution p-oves to be still less.

Pi3. 3.4 shows depsndeances saxinmuam efficiency (Dm..) of the

synthesized grating on the step/pitch between eaitters d/x (dotted
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curvss in Fig. 3), the aayular diaension of grating 2a (unbroken
curvas in Pig. 3) and a radius of cylinder (Pig. 4). Por the clarity
value Dn,: 1is standardized to the the maximum knd of esquivalent
flat/plane cophasal apertura ‘Dwe=2 ka). As follows from the
graphs, maximum knd of the circular gtating whose 2lectrical radius
kag20, with the stap/pitca petween emitters 4=0.5)\ proves to be by

approximately 400o/0 more than tahe aaximum knd of equivalent cophasal

apertura, This phend>menon 15 conmactad with the convexity of circular

gratinag.
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50 ‘:Im

B L

Page 63.

The extant of circular grating aloag the axis, which coincides with
the direction of the formed/shaped ray/béam, laads to the further (in
comparison with the equivalent agerture) contraction of radiation
pattern both in the plane of ring and in the plane, passing through

the axis of ring and with beam direction.
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It shoull ba noted that with an increase in kA from 5 to 20
values of gain in xnd of the circular grating in question in
comparison with the the maximua xpad of equivalent cophasal aperture
weakly it depends on kA. Un tne pase of the analysis of obtained
calculation data one should expect that with furthsr how conveniently
great increase in the electrical radius of ring value , =~ in the
Jrating in question will approcach value 3.26Kg, where £, - number of

emitters, arrangad/located on tne "illuminated® part of the ring, so

Dmgyx

Oa

that with d/x=0.5 relation will approach value 1,63,

With the decrease oI tne anygudiar dimension of arc grating f£rca
22=130° to 2a=60° its knd is recuced approximately/exemplarily
proportional to its equivalent aperture. An increase 1in the angular
dimension of grating from 130 to 3009 (excitation of "shadow"™ region)

only insignificantly increases knd (approximately/exemplarily to

6-100/0 with ka=5 and by 2-3o/0 with ka=20).

dith an increase in the step/pitch between the emitters the
value of the maximum knd or arc grating is reduced approximataly

proportional to a number of emitters.

Pig. 5.6 depicts the most cnaracteristic optimum amplitude-phase
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current distribution in the emitters, w«hich ensure the amaximua knd,

and the corresponding to tnem radiation patterns (Fig. 7).
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Page 64.

With the step/pitch between eaitters d=0.5x (Pig. 5.6) aamplitude
currant distribution has the collapsible/dropped character, and phase
distribution in the "illuminataa”™ r23ion of grating close to the
Adistribution, which escafpe/ensues from the laws of geometric
optic/optics [5] (dot-dasa curve). At the high values of the

step/pitch between the emitters (d=ix, Fig., 5, and d=2\, Pig. 6)

aaplitudse currant distritutioca approaches uniforn.

Prom givan graphs of currant distribution it follows that witha !
the sta2p/pitch batween emitters d20.5\ of the phenomena of
superdirectionality it does not appear. However, during the
use/application of the algoritam examined for the synthesis of
gratings with the step/pitch petween emitters 4<0.5x amplitude-phasa
distribution acquirass superdiractionral character. Therefore with the
synthesis of non-ultradirectional arrays with the low pitch betwveen
emitters (d/)<0.5) it is necessary to additionally introduce

limitation to tha superdirsctionality or to pass toward the synthesis

cf antennas with continucus distribution [6].
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In the optimum (in tae sanse of tha msaximum[kn@aradiation

pattarns (Fig. 7) with the stap/pitch between the emitters more 0.5\
apvear the diffraction peaxs waose lavel depends on the step/pitch

between the emitters and angular dimension of arrays.

e . ittt
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According to the calculated optimum radiation patterns was

KA.
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2#5.7 and sidelobe level j§ 1n tne arc grating on a step/pitch between
the emitters, an electrical radius of cylinder and angular dimension
of grating. These depandencas are yiven in Fig., 8, 9 (by dotted line
~ dependence on kA at 2a=3609, and by unbroken curves - dependence on

d/x and 2a with kA=20).

Th2 beam width of arc yrating with maximum knd in the plane of
the ring (see Pig, 8) prcves to be less than the be2am width of
equivalent aperture (dash-iine curves in Fig. 8)that it is connectad

with tha convexity of grating.

Aigh sidelobe level witn tne distance 0.833x and is amore

connacted with the advent of a dififiracticn peak.

All given above results wsre designed with ¥=3 kaA.

Pig. 10 shows the dependences of the maximum knd of the
synthesized grating on a relative quantity of thos2 considered with
calculation of its own wavas M/ka for two values of an 2lactrical

radius of cylinder (kA=5 - unorcken curves; kA=20 - dotted curve).

As it follows from these dependences, upon consideration first
kA of its own waves maximum knd of array is obtained by approximately

10070 lass than upon considsaration 1.5 kA of waves. Further increase

in the number of tha waves considerad virtually doas rot lead to an

increase in knd.

ki {
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Key: (1). m/kA.

Conclusion/output.

1. Is given one of possible algorithms of solution of problem of
synthasis of arc and srpherical antenna arrays with use of apparatus
of its own vector functicns, convenient for conducting machins

calculations.

2. Is carried out numericai synthesis of arc grating with
maximum knd, arrangad/located on surface of ideally conducting
cylinder, for wide range of electrical radius of cylinder, angular

dimension of grating and step/pitch between emitters.
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Page 66.

As a result it is shown that:

a) for kAL20 with the step/pitch between the amitters 0.5\
naximum knd of circular array 40o‘c by approximately exceeds maxiamua
knd of aquivalant flat/plane cophasal aperture; with an increase in
the step/pitch batwzen the amitters maximum knd is reduced
approximately/exemplarily proportional to the decrzase of a number of

emitters;

i b) optimum amplitude currant distribution depend substantially
on tha step/pitch beatveen the saitters, and optimum phase current
distribution close to the pnase distributions, which escape/ensue

from the laws of geometric optic/optics;

c) with the synthesis of arc grating with maxiaum knd in the
numarical calculations should be considered first 1.5 kA of their own
wvaves, upon consideration only to kA of its own wvaves tha error

comprissas order 100/0.
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Foraation of tha antenna radaation pattarns with the help of the

passive slotted eamitters.

I. V. Guzeyev, L. L., Zbarsxaya.

Ara traced laws goverainy tna formation of tha
cradiation/emission of slot antenna #ith the passive elanents/cells,
the loaded adjustable redctive/jat four-pole., It is shown the
possibility of control over wida limits by the equatorial antenna
radia%ion pattern, is produced the classification of diagraams
accorliing to their distinguisahiny Leatures and is
established/installad conformity betveen the parameters of antemna
and the type of radiation pattern. Is in detail examined the
cylindrical tri-element slotted grating vhose passive 2aitters are
loaded with the short-circuited grooves or ars coammunicated by

flat/plane waveguidse.

Introduction.

Passive emittars since olden times are applied into the antenna

to technology, mainly, in tne composition of multiunit wire gratings
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(V). Makiny i* possible to rejuiate the directivity of jratinj, the
passive radiating elements/ceils do not require tha complication of
its feedar systeam, which ditfer sijnificantly thea froa the unifora

activa emittaers.

In certain cases, tor axaaple, for slot antennas,
arranged/located on the opjects, iiaited by metallic surfaces, the
use/application of wire elements/cells although is possiple (2], on
the serias/row 2f consiaerations it is inconvenient. Thereforse for
the class of antennas indicated 1t is of interest to trace the

possibilities of passive emitters also of the slotted *typa.

As far as is known, singla passive elements/cells of the type of
the short-circuited grooves ara applied into the antenna to
tochnology in assence cnly in cutorf coandition of surface current

(vith the elesctrical depth of yroove, close to 909 [3, 4] 1,

FOOTNOTE !, We do not stcp nere oa the flanged structures, vhich are
the affective m2ans of the roramation 5f radiation of antennas (5],
giving preference to the sinyla passive elements/cells, which have

more than chances for tae practical use/application. ENDPOUTNOTE.

The purpose of this worx 1s tae study of the effect of loaded passive

slot antennas, arrangeds/located arranged/locataed on the metallic
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cylinder, with a change of tne valde of load within sufficiently wvwide

limits.

Page 68,

LZAKY-PIPZ ANTENNA WITH TdZ PASSLiV:i EMITTERS. Conclusion/output of

fundazental principles.

Fig. 1 schematically depicts two possible versions of antenna

system with the passive slotted aemitters:

a) variabla-phase leaxy-pipe antenna 1, formed by the grating of
half-wvava slots 2, with fpassive slots 3, loaded with the pair of
short-circuitad groovas 4, adjaceat from without to lateral walls of

vaveguide;
b) the antenna of ensuing/escaping/flowing out waves 1 with
passive slots 2, which are comaunicated by flat/plane gap 3, which

partially enconmpasses vavegjuids.

In the upper part c¢f Figy. 1 is given location of the versions of

antenna systeas indicated on tne cylinder.

Pundamental laws governiay the formation of tae railiation
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. patterns of similar systeas can ba tracad on the system of three
narrow infinitely long parallel slocts (gashed in the cylinder or the
plane), one of which (averaye/mean) is active, and two others -

passive (Fig. 2).

Tha passive? 2mitters of system are assumed to be those loaded ]
with cartain cavity (in partaicuiar, it can be double-bond) whose
propertias do not dapend on coordinate z; in connection with this the
cavity can be represented four-pole, infinitely extended and

cylindrically uniform alony tha9 axis z.

Por the purpose of furtner siwmplifications we will be bounded to

. the 2xamination of the casas wnen cavity, just as the grating of

(see Pig. 2).

? emitters, is mirror symmetrical ralative to the coordinate plane XOZ
l
;
|
»
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It will be shown below that in tnis case the four-pole formally can
be replacad by the pair ¢f the identical noninteracting two-terminal

networks, which are the loads of passive slots.

Tha active radiators of real antennas (chain/network of
discrete/digital slots, extandad slot of finite length) are
approximated in the selected by us model by one csymaetrically
arranged/locat2d (relative to passive 2lements/cells) infinite
continuous slot whose widtn the same as in real emitters, and
magnetic current distribution in tne aperture equal-amplitude and

linear-phase with the correspoadinyg angular coefficient in 2.

Purther, it is alamost obvious that in the real antenna (see Fig.

N SN
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1) passive emitters affact in 4ssence the formation of radiation
pattern in the conic sectioan, passaing through the principal maximum

1, since they change virtually caly transverse current distributicn.

POOTNOTE !. Subsequently let us ajree to call its equatorial

radiation pattern. ENDTOOTNOT=Z.

Therefore in this vork we were liaited to the analysis of this most

as-2n+ial effect,

The dascribed abova taeorstical amodel is most adapted for the
study of the process of tae formation of the azimuth
radiation/emission of the aighly directional line-source antemnnas
vhos2 primary field in the vicinity 5f active elemant/cell has a
charactar of synametrical conical wave. Closest to this model ¢the
antenna of the ensuing/escaping/flowving out wvaves (see Fig. 15): as
far as gratings are concerned iiscratesdigital slotted (see Pig. 1),
conforaity of results, cbviously, must be improved in proportion to
the decrease both the longitudinal and, in particular, the transverse

separation of active slcts.

Pij. 3 depicts the equivaleat matrix circuit of tha theoretical
model of radiating systen. Accaptinq for the certainty as the

terminal surfaces the apertures of emitters 2 and Jdesignating through
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un (2om=1 2 3 its ovn and autuai conductivities of slots (per the
unit of leangth), and throuya VY, (i, ¥=1!.3, - matrix elements of the
conductivity of four-pcle (also par the unit of length), it is
possible to racord the rollowiny aqyuations of relation between the
voltages and the linear currents in the terminal sections of
radiating systen:

3

Ih= ¥ YoV (1=123); (h
mu= |

—L=YuVi =Y,V (2
—~Iy=YyV) +VyVs. (29

FOOTNOTE 2. According to tha tneory of connected antennas [6], the
tarmianal sections of the feaders of system should be carried out in
the places of the absence of the nighest transmission modes. However,
in the case of electrically narrow slots in question the highest
types attenuata so rapidly thatr the done by us selection of tasrminal

surface virtually does not intrcduce errors. ENDFOOTNOTE.
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] The solution of equ. (1) and (Qa, b), taking into account the
propartias of symmetry and reciprocity of radiating system, lsads to

the following expression for the relative voltages:
LP

-—
o
w

I

=o=— . 3)
3 gu+t ¥ +Y¥y+Yy

,.
-
<

The equatorial radiation pattarn of the narrovw long slot, gashed
according to the generatrix of metallic cylinder and is excitad by

magnetiz currant to egqual-amplituds, linear-phase distributions [7]:

ms
= Sjn_
, N | ! imcosm(e—9") 2a l .
—g)= —— 22, =
flg—e") P H&.,Wﬁ e = || (4a)
moex | . 2ﬂ i

vhera #, #' - aziauth coordinates of observation point and aiddle of
slot respectivaly (see Fig. 2); a - radius of cylinder; s - width of
slet; H!¥" (z) - darivativa of tne dankal function of the argument;
v. - transversa2 wava nuabar, ccnnected with wave nuaber ko in the
free space with the dependeacs

v, = &y 5in B, (4l
vhera 3, - anjyle beteen 2Z-axis and principal maximum of meridional

radiation pattern.

Accordinjy to tne priacipia cf superposition, the equatorial
radiation pattern of the investijated by us cylindrical systenm of

. - S

; - ’Fh3%hw*vﬁm—¢u*nw—%ﬂ . (3)

e P PRRG gt Al
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Pig. 2).

For coaputing the enteriny in (5) parameter v is necessary, in
accordance with (3), the knowledge of the internal (Yw+) and external
(4-m) conductivities of System. The values of the latter can be
obtainad on the basis of work L8], vhere the resulting expressions of
the standardized/norwmalizea conductivities of the interesting us

slots during their cophasal (y—; and antiphase (y—) axcitations.
Page 71,

Relying on tha eleasentarily proven equalities

1
Yu = - [ y(+7') +y(+-\]

(6a)

I ++ -
Yae =T[yl. )_y(+ )]

and taking into account the value of the linear conductivity of

flat/plane wvaveguide with the inclined incident wave TEM (9]

v
==} gEsind,, (665)
ahev e Lo . na ‘s . :
A s - the height of wavaguidae; € A Mg = pPermeability of its air

filling, we obtain the foliowing relationships/ratios:

2

Yo .2 e
AN [ S B “ -
911—2 o[l P ln( o_s)]. (7a)

v (2) Vdja i
Yis zm H{) (vod) — 0,302 5 exp [— i (\'od—- —-)]} » (7B

— g

v vod

ir which e=2.718 28.,. and y=1,781 07... - respectively Naperian base
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LJ and Eular's constant, Hy@)(...) - the Hankel function of the 2nd order

the disensionality of conductivities - mo/meter 1!.

FOOTNOTE . In the work is accepted the practical rationalized systanm

of unity MKSA. EZNDFOOTNOTE.

Expression for y,; follows rroa (70) with the substitution into its

right sida 24 instead cr d.

A3 far as intarnal conductances are concerned of slots, then
they, depending on the parameters of the cavity, included between the
i passive slots, can take any coaposits values, which satisfy only the
n2cessary conditionss of the paysical realizability of passive
devices/equipment [10]:

ReYy >0, | ReYy | < ReVy,. (8a)
In particular, if cavity is locxked and free from the ohaic losses,
then matrixs/iis {Y] - is pure imaginary and the entering in (3)
1 paramatsr

Y=Y, +Y,=i8 (85

varies within the limits ti1i~-,

The sense of parametar Y it is sasy to explain, relying on the
equations of Kirchhoff («a, D). Assuming/setting in thea due the

symmatry of system V,=V;, we Ootain (minus sign it is caused by the

i
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external with respect to th2 cavity direction of standard)

! 1
l'l VS
i.e. Y is operating input admittanca of cavity in the mods/conditions

of tha equal-amplitude and copnasal excitation of its inputs.

Page 72.

Using relationships/ratios (3), (7a, b) and (8b), we obtain tiae

following expression for tha ralative voltage:

(B3} 1da r o 3
Hy™' (ved) — 0,302 5—— exp t—lt\'qd——}
o— 1 Vo 4
o2 e - 2dia T : a
1_:—4n——~—HgW2wm—aam% _jeml—fﬁwd——l)—in
n ™y s Ty ] i} 4
193
wvhere
@y Wy B
T=—B=—1Im} 'y

- paramater, which is deteruining (during assigned phase field

distributicn in tha slcts) exciusively by the properties of cavity.
ANALYSIS OP THE SYSTEM OF THREE INFPINITE SLOTS.
Relationships/ratics (5) and (9a, b) make it possible to explain

the most important lavws governing the formation of the

radiation/emission of slot antanna in the presence of passivae slotted

amitters.
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The analysis of system b3cCoamas especially demonstrative, 1f one
considers that v is the linear-fractional function r and
reprasantation/transformation straight/direct Imr=0 on the plane
complex variable v is circumference. It is not difficult to show [11)]
that by relationship/ratio (9a) 1s assigned the one-parameter family
of circumfer2ncass (parameter O=1,/). of the intersecting in the
beginning coordinates; centers and radii of a circle are determined

by equalities:

N T . - .
H® (8) ~0.302 : ___a_ exp [—— i (6——1-}}
3} Vod /

Yo , (102

- L
2

1~‘-Jo(2(°))—0.302l

a
Fp— cos(?é— —
} Vod \ 4

R,= .z, . (106)

Pig. 4 depicts the series of circumferences v=v(r, §), of
corrasponding to change r witnin the limits =—x. with the series/row
fixed values °=v«. On one of circumferences [6=r] are replaced the
values of variabla/alterpatiny &=r-r,; (sense of the parameter ry is
ravealed below), which maka it possible to judge rate of change in

the voltage in proporticn to rsmoval/distance from the resonance.

One should emphasize that the sizas/dimensions and the location
of circumferences are determined only by electrical period ‘=vJi of

systea.

Page 73,
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iJ This means that in the systeam witn the fixed/recorded period ¢ith a
E sufficiently wile change in tae gaometric and (or) electrical
paramatars the cavities, tha voitage, without depending on the width
of slots, pass the continuous seguence cf the coaplex numbers, vwhich
£ill the circumference, which corresponds to data v Tha2 radiation
patterns of the system of siots, in accordance with (5), are changed

in this case within the limits cf one and the same sequence of foras.

However, 2ach concrete/specific/actual value v on the
circunference answers the specific combination of the parameters,
which switches on also tha widta of slots [formula (9a, b) }]. Fer the

numecical calculations it is axpediant to convert (9a) to the forna

B (8 — 0,309 322

n
y Vel

—_— — T
M 1 o1 2 . vifa)
P=da {2 = 0.202 sm— cos 120 = —  _ 2%
b ovaa . 4 N
where E=r-r,, mOreover
! . 2 ;e REEN - ‘.
£ — | N2 —tn | 210302 h 2 e S b
9 ~ \'.'\‘05" 1 Ve 4

- valua of the parameter r, wvanich corrasponds to voltaje resonance in

the presence of which

= vod ! L V."f\a

da  a\] - d N
V(/ol‘o)—o,aozsy__“cos(a__%) J.ir.vow)—o.soz: ”’sinra—%,l
vy J

3d'a :
L4 28— 0,300 1220 o (26--1,
1 vod 4 (g

3
-
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Page 74,

As we se2, |U|n,. dces not depend on the width of slots.

Pig. 5 depicts the dependeaces of aaplitude and phase of the
relative voltage of passive slot (calibrated to unity) in the
function of "relative detuning” é=7-r, for the system with the
alectrical period 6=w». Calculation was carried out according to
formula (1ta). Wa see that the ampiitude dependence has specific
resonance charactar and is aven, aad phase, with the accuracy to

permanent component/teras/addead [e4qual to
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. - ‘Ta 1
s -""‘Afg:HB”m—O-?’O? el —i15—2)|'1, - by 0dd function &.
Yva L 4]
The equatorial radiation patcterns of the system of slots are
symmatrical ralative tc main me i1dian cut (e=0), what is the
corollary of tha syametry of system. Depending on form, radiation

pattarn they can be divided into three fundaaental typas:
1) narrow single-loba;
2) wide single-lote and saadilie;

3) the int2rmediate fora, which have several a2xtrama, including

one local zaximum vith o=0.

In connection with a comparatively low azimuth directivity of
‘'slot on the r2gqular cylinder a question about affiliation of diagraa
to ona of the types qualitatively can be solved on the basis of the
analysis of the simple according to the structure esquatorial

radiation pattern of foil lattice, into which passes the designed

cylindrical systea when , g—oc.
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Page 75.

Relying on relationship/ratio ($5) and taking into account that

lim|f(¢)|=1, dcas not represent tne work to obtain the ajuality:

Vo 3=+

lim F(@)=1-+2vcos(vedsing), (12)

VeG=e

rasearch of which shows that to the enumerated typas of radiation
patterns approximately ccrresponds the separation'of plane coaplex
variable v into three regioas, uemarcated by two circumferences of

equation of which
R A_L“.'_ Q_L'
[ ev 4J =~ {Imup= ~ (13)

-

Tha numbaring of regions in Fig. 6 corresponds to the indicataed

higher three types of radiation pacterns.




DOC = 30134005 FAGE

Antenna with th2 passive slots, lioaded with grooves or communicated

japs.

Let us pause in somewnat acre detail at the manticned above two

special cases, which are of practical interest:

- passive slots are loaded with the identical short-circuited

groovas;

- passive slots are communicated by gap in the fora of the

flat/plane curved waveguidse.

Assuaing jroovas or gyap £illad with uniform insulator, it
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suffices to be bounded to rasaarcn of the first case, since as a
result of ths syametry of radiating system, in the aiddla of 3Jap is
established/install2ad the amoda/conditions of idling. The second case
(disregarding by hetercyeneitias in tha inflection points of gap)
formally is reduced to the first with a change in the alectrical

depth of grooves on »/2.
Page 76.

Por determining lipear input admittance of groove we will use
known expression for the conductivaity of the short-circuited segazent
of lina, after replacing in it, accordingly [9], propagation constant

‘" and characteristic adaittance " bdDy the values:

vi=4ky ) £ sinty; (142
L4/ 5
]‘]L:.—.TV Z—,Sinﬁl, (l'ébi
wherz <. . - relative parmeanility of insulator; s - width of groove;

5, - angle between the edye of groove and the wave standard of the

propagated in it wave TEN.

The coannection/coaamunication petween the angles 3, and ¥, is
established/installad frcm continuity condition of the tangential
componeats of fields in the apertures of passive slots and takes the

fora (Snell lawv)

cost, =1 ep cos 9, i

(91
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In accordance with (o), (14a, b) and (15) we obtain

] 1—(6’91‘——1){&).
Ve [ ClBY i Inan
u’ v,S

T =—

where

= vyl ]/1-{—(8'9'—1»:%]' 1166

- elactrical deoth of tne groove (1 - its geometric depth).

Is given below the series/row of the characteristics of
cylindrical tnr2e-slot gracing watn the load of its passive

elemsnts/cells by the saort-circuited grooves with the air £illing.

Pig. 7 depicts the standardized/normalized equatorial radiation
patt2zas of grating. Calculation was carried out according to
formulas (5), (J9a) and (l6a, 0) at the values of tha paraazeters:
¢ =u =) ved=m. =147 v,.a=204 The electrical depth of grooves V=i -

varied within *the limits UsSy<tx with the step 'pitch »/8 1, i

POOTNOTE !, The necessary tor the calculations function £ (#) was
tabulated by A. V. Ivanov via the addition (on the computers} of

serias/row (4a) to m=38. ENDFOOTNOTE.

48 sea that the radiation pattarns are changed within relatively widle

linits, moreover in accordanca witnh the introduced above

classification of forms, 1n essence are encountered two types of
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equatorial radiation patterns - single-lobe narrov 1 and w#ide 2. The
radiation pattarns of intarmediate forms are encountered considerably
less often., This is partly explained by the effect of the aziauth
directivity of slot on the cylinder, thanks to which the a2quatorial

radiation patterns of the intermediate forms 3 approach type 1.
Page 77,

In Fig, 6 dott2d linse aepicted circumference v=v(r, »), on which
are replaced values v, corresponding to elesctrical depths . at which
were designed radiation pattern. The comparison of Fig. 6 and 7 makes
it possible to trace the process or thes characteristic strain of
radiation patterns in prcportion to the transition/junction of value

of v from one r2gion tc another.

{t is interesting tc note that the width of radiation pattern
vhen =318 (at the level ~ 3 d8) is minimum (~50°) and close to
2arc sin )2: )=561 which indicates that its foraing currents are

: REPH S

concantrated in essence on the opening by width (2d+s). This is

1ogical, since noted value V¥ close to the resonance {Pig. 8) and the
currents prove to be "forbidden'" virtually in the section of the

surface, limited by passive slots.

A praecise value cf rasonance glactrical depth can be obtained,
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t.
{ . . . I
v @qualizing the right sides of equaiities (11b)
) 4‘m=\;'(,—fmﬂ, ‘.".'50. :. :
s o2 Cle .
: vo=areeg =5 = lngmm s = v d) -
: UBO"%ifﬂn(?vyﬁ———fl!
E b Vod \ 4 !J;

- ainimum value of rescnance electrical depth.

and (161),

(17a:

(178

whence
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Pig. 7.

Page 78,

Pig. 8 gives despendence Y on the elactrical width of groove
vsivod=:x). It is interesting to nota an extremely slow change in %khe
rasonance depth of groove in coamparison with its width: with change
voS froa 0.1 to 0.0001, i.e., to three orders, ¥ was changed on

7°30°*, i.e., in all to ~8.30/0.

Should be focused attention oa the criticality of voltage in the
r2gion of resonance to the depth of groove (to gap length). Relying
on (16a, b), it is possible to show that the detuning in the
electrical depth, which corresponds to change lvl within limits

0.70]v}mer. in general




= 80134005 " '
DOC = 3013400 PAGE )//0(/

Ay ~ W7 sin? YAt
~ y/ ‘ko =
) L+am'—1)b—)
. Vo

whera Ar - width of "resonance curve™ of |v|=|v(r, 6)]at the level 3

VoS (18)

dB of lower than the maxiwun,

fioa (18) it f2llows tnact, in proportion to the contraction of
slots, v runs in the circumference (see Fig. 6) near-rssonance region
(assential for control of the form of radiation pattern) with ever *
more tapered interval of depths {(or gap lengths AI) whose value order
s. In this case change v in function ¥ in the near-r2sonance region
and outsida it occurs accordiny to the qualitatively differant laws;
relying on (%a, b) ard (tea, b), iT is possible to show that when
|[$—¥o| <Ay and when |$—%o|>A¢ tae order of derivative dv/d¥ proves to

be equal to respectively (vos)~' and (ves).

Of the aforesaid above, 1in particular, it follows that the
use/application of 2xcessively narrow passive slots can prove to be
in practice undesirable due to the close tolerances for the geometry

of grooves or gap, and also for the parameters of their filling

oo iap s a4 s w

substance.
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Paga 79.

Conclusion/output,

1. Accept2d in vork simplified model of leaky-pipe antenaa with
passive slotted emitters in tae form of system of three electrically
narrow, infinitely long slots, gashed in metallic cylinder, and
corresponding to it ccmparatively siaple mathematical apparatus nmake
it possible to 2xplain fundamental laws governing formation of
equatorial radiation patteras of antenna indicated. The behavior of
the most important system characteristics yields to siample
grapho-analytical interpratation, wvhich simplifies the analysis of

systen.

- e g v " . P,
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2. BEquatorial radiation pattern of system of slots is
determined, mainly, by period of grating and by load of passive
slots. A change in these parameters makes it possible in the
ralatively vide limits tc control the form of radiation pattern.
Depending on form, radiation pattarn they can be divided into three
fundaamental types, each of which answers the specific range of change

in the composits voltages of passive slots.

3. Independent of width of gassive slots with change their loads
vithin sufficiently wide limits of value of voltage pass
constant/invariabla sequencs of values, and radiation pattarns -
constant/invariabla sequence of iorms, detarmined only by electrical
petisod of grating. In this case the width of slots affects only the

criticality of the'corresponding dependences.

4, Antenna with passive 3mitters can be 9asily realized on bass
of ls3aky-pipe antennas witn passive slots, adjacent to aexternal walls
of wvaveguide and by loaded short-circuited grooves, or oy

communicated flat/plane gap, wnica partially encompasses waveguide.

In conclusion the autaors express appreciation to I. S.

Pavlyushinoy for th2 aid while conducting of numerical calculations.
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Page 80.

Research of the consecutive diaphragm~forming diagrams for

aultiple-wires antenna.

M. A. Zhutikov, S. M. Mikheev.

Are examined the consecutive diagramforming diagram and its
aodification, which makes it possible to reduce the number of
elements/cells and to cbtain maximum efficiency. On the base of the
analysis of diagram is given the algorithm of the synthesis of
amplituda-phase distributions (AFR) in each channel according to the

assigned values A7R on the emitters, taking into account the

redistribution of fields, caused by the presence of certain number of
channels betveen the data by channel and by emitters. Are obtained
the maximum energy avaluations/estimates of the work of series

circuit, wvhich depend cn degree cf interaction of assijaned AFR. Is

given an example of the calculation of the modified diagranm.

Introduction.
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The consecutiva diagraa-foraing schematic of multiple-pronged

multichannel antenna is depaicted in Fig. 179 [ 1). It consists of the

aain-line feeder lines of transmission 1,

couplars 2 with
emittars 4. The
the 2aitters of

achieved by the

connectad with directional

transverse feeder lines 3, loaded to taa grating of

latter can have any praassigned gsometry.
the grating of the series/row of requirad

selection of the coupling coefficisnts of

Creation on
AFR is

the

directional couplsrs wvita truanx lines and by phase vave velocity in

the main~line and transverse lines.
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Page 31,

It is possible to assume that AFR are varied due to those
concantrated phase converters 5, ccnnected as shown in Pig. la. Fer
the creation in the lines of mode of the traveling waves their

ands/leads can be loaded for aosorping loads 6.

To the advantages of this diagram should be related that the
fact that it is implemented from the uniforum elements/cells,
allovs/assumes the usesagplication of contemporary technology of
production and, which is especially important, it makes it possible
wvithout the modificaticn to realize along each channel AFR of
arbitrary form. However, for the practical realization of siwmilar

diagrams and evaluationsestimate of thair maximum electrical




i
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rarazetars the results, obtained in [ 1], are insufficient. Is
conducted belovw detailea researca of such diagrams, which contains
the analysis on the basis of vaich are determined the maxiaum energy
possibilities of diagraam and is synthesized AFR in each channal on
assijned APR on the emicters. Sclution of the probl2m of synthesis
gives the possibility to reduce the calculation of the paraameters of
each channel to the kncwn calculation of the feeder systea of

singla-channel traveling-wave antenna.

Is examined the modification of series circuit, which makes it

possibla to r2duce the nuaper of elements/cells and the extent of

feeder lines and to obtain maximum 2fficiency. Is given an example of

the calculation of this diagyram.

Examination is carried out for the grating of the matched
emitters with compensated interaction on the inputs for any

excitation., Couplers are assumed to be those 1ideally directed, but

feeder lines - not having haat lcsses.

Analysis of diagranm.

Let m - number of emitters in grating, n - number of channels of

diagram. The order of numbering is shown in Pig. 1q.
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Under the "i channel" of diagram we will understand both the i
input of antenna and part of tne diagram, included between the i~th
and (i+1)~th tha secticns (Fiy. ia). We will speak about "its own"
APR and "its own" efficiency of the i channel, keeping in aind with
respect to APR and efficiency in by them section during the b

excitation of the i input.

For tha analysis of didagraa let us isolate the i channel (Fig.
1b). Here ¥, 2, «¢e., @, B¢+l - "“output" terminals; i, 1', 2', ..., 2!
- "input" termipnals, On tecainals 1, 2, ..., @ can exist hoth their
own APR of i channel and AFR Zrca the channels with the higher
referonce number j>i. We vill pe given these AFR in the form of the
columns of the composite aaplituds: a.->j=., calibrated to the

singla power of excitaticn.

Inlex i - the number of the section in question; j - number of

excitad channel.

Page 32.

Let us record the scatteriny matrix of the chosen multipols in

the block form:
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m L e e — ———

m~1i f <0 :?PT 0 _

dere <a..a.> - respectively row and column of dimensionless
composite transmissiocn factors from tha i terminal to teraminals 1, 2,
which coincide with standardized/normalized its own APR of

es g 1By

channel;

{. - transmission factor from the i terminal to terminal a+1;

<p,p,>=~ row and column Oof transmission factors froam terminals

1", ¢eo, ' to terminal s+1;

7. - square matrix/die of transmission factors from terminals 1,

2, 2e., @ to terpinals 1*', 2!, ee., A';

(0], <0,0> - null matrax, rov and column;




/
DOC = 80134006 PaCE /7)

~ - sign of the traansporcation.

The zero units of matrix/die Si consider the coordination of

feedar lines and the ideal dirsctivity of couplers.

Dua to the diractivity orf couplers matrix/die T, as it is not

difficult to trace on tne diagraa, it has the triangular structure:

by 0 o ...0

ty, to O 0 .
T:= ) (-‘)
’ Ly Iy Ly - 0 ’

trnl tm.’. tﬂ'la tmm

vhers : .=0(k<!). tx=0(k>/) - matrix elements, k, 1=1, 2, ..., @ (number

of channel i in the matrix elemeats for the shortening is omitted).

Yatrix/dia 7. is not aegenerated, since not some of its diagonal

elaments/cells it is equai to zero.

During the excitation of certain j channel on terainals 1+, 2°,
eee, @' i channel fall wave with an amplitude of ai-1.>. In this case
on terminals 1, 2, ..., @m will appear set/dialing a, >:

> (3)

a, > = T,-al,_'_”

On the eaitters during the excitation of the j channel APR it

vill take the form

y |
Qy; > '“[ n Tk]a‘.;,-> (41
k
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and it can be substantially distorted and weakened on 2fficiency in

comparison with its own AFR a.>.

As can be seen frcm (4), for the finding APR on radiators during
+the excitation of the j cnannal oa assigned its own APR ¢.,> it is
nacessary to know all matrices/dises Th (k=1.2, ., j—1). The elemants/cells
of each of these matrices/dies on the modulus/module are determined
by their own AFR in the kK cnannel, and on the phase -~ 2ven and by the
asthol of tha inclusion of phase inverters in the channel. For the

diagram in Pig. 1b matrix elements [: will be

|
114
2

o (arg ap—(o~1)p)

~.
-3
[
~—
oy
}
il 470
2
G

lag;ap. £—1

P T Var: o = n
' N
‘/ (l—:;a.')(l—-:ai;z) s= -]
N =1 VAN 1=} , *
/'— $
Jol=Nape
(=1 t{argapy—ii—1) @)

. —1 € . (6)

=3 ia;p

=}

(off-diagonal elemants/cells), i, k=1, 2, ... R

dere dr-k-th coluan element @.>. q¢ - phase change in the

section of trunk line between tae adjacent directiconal couplers. The

number of channel 1 for the smortening is everywhere oaitted.
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Minus sign before the latter/last expression considers the

rotation of phase on - »/2 ia in l-th and k-th directional couplers.

Pormulas (4)-(6) are convenient for the machine calculation APR

on the emitters according to knowa their own AFR.

Let us nota2 that during tae finding AFR on the emitters on
assigned its own AFR the selection of the latter remains, in fact,
arbitrary. Therefore mcre rational approach during the design of such
diagrams consists of the synthesis of their own AFR on assigned AFR
on the amitters, This leads to the single-valued selection of all 2an

circuit parametars.
SYNTHESIS OF ITS OWN AMELITUDE-PHASE DISTRIBUTIONS.

We will synthesize its own AFR o > 1in the arbitrary j channel on
o on
assigned APR uu>. auz>. ... Ga ATthe esitters, FProm (3) and (4) it follows:

Ll,_”‘>=ri—la:‘) >1 (7)

j—=1
ai;; > = [n T;l}a“‘>. (>
k=1

Page 34.
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Equality (8) is the unknown solution of the problem of
synthesis. In practice the grocess of synthesis consists of the
consacutive use/application of egualities form (7) to all channels
from the upper to the lower onas (1.2, on index i from 1 to n-1).,
Thus, on given one ay> airectly ace designed the parazeters of the
ist channel and on (S5, (o) - aatr.x/die T,, then AFR a,,>, a,3> and
so forth are counted over accordiag, to formula (7) in APR a,>, 2,3> i
and so forth into the plane of terainals 1', ..., m' the 1st channel
and on az»> is designed tne 2na channel and matrix/die T, and so

forth.

As can ba seen frca (7) and (8), calculation is connected each
time with necessity of matrix iaversion 7, However, under some
conditions calculation substantially is simplified. Let us consider
the inportant case of the ortaogoaality of its own and any AFR in the
arbitrary i section of the diagram:

<ai{a;i >=0 | (9)
i>i

(* - sign of composite couplinygj.

Lat us introduce the relationships/ratios, vhich escape/ansuz

from the unitary marices S:

|
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- <aga;, >+ Phd= 1 » (10)

|
<t +1,< P =<0 (n |
| a“-><a;;--+-T7f':———E,,,. (12) ’
ap >0 +Tip;>=0>, a3
FT +0><P=Em (14)
<pp>+Ifi=1 _ (13
where E+. - the unit matrices of order mxa.

Multiplying (12) to the rigat on di;>. to the 1l2ft on 7. and using

(7) and (9), it is not dirrficult to obtain
g >=Tiay>. (18)

Thus, corr=asponding AFR 1in (i+1)-th section it is calculated

without the matrix inversion T;. }

let us show that if all AFR in the i1 section is mutually

orthogonal, then AFR in (i+1)~-th the section they will be also

orthogyonal,

Actually/really, according to the condition
<aua;,> =0, o {7
l=j, 122i, j2d. o

Taking into account (1o), scalar product of vectors in (i+1)-th

the section will be recorded in the forn

.

L] [ rl
<8 8, > =<auT.Tia;>.
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Lat us multiply (1<) to tha left on <d., to the right on 3:.°>.'ve

will obtain
<aial, > < o>~ <auTT e >=<aua!,>.

hanca, using (17),
<a_,a_.,;>=0.

Thus, if on the emitters all assigned APR they are
autually-orthogonal, then relationship/ratio (16) is retained at all
steps/stages of calculation, whicn makes it possible to use it with
the synthesis instead of (7). This can be recorded in the following

fora:

i1 )
a,>=[1Teay>. (18

ki

Thus, the problem of the synthesis of its own AFR of sach

channel is reduced, in general, to turning of triangular

matrices/dies with the known coaefficients, and in the particular case

of orthogonality AFR - to the siample operation of the multiplication

of triangular matrix/die by tane vector.

EFPICIENCY OF CHANNELS.

Let us rate/estimate the maxiaum energy circuit parameters. Let

us introduce the dasignation: 7. - efficiency in the arbitrary i

~i
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section during the excitation or the j channel by the single power
Y]”'=<a”‘a:’»>. (19'

In particular, n: - its owan efficiency the i channel; nu -

affiziency of the i channel according to the eamitted power.

We trace the dapandence @friciency in (i+1)-th section on
affiziency in the i section during the excitation of j channel (ij>i).
For this purpose lat us multiply (14) to the left on <u.,, *+9 the
right on ¢*...,>. we will obptain f

<aa;, >=<<a,_,;a; >—<a,_p ><L p:al,',_”>_ (20) ! |

* i~ 1j =i

Froa (11) it follows that
. <p:a,;;|; = L<aii[1‘..>'
~1 /l (7]
{

1
<a.-+”P.'> = — l—, <ai,a:i>.

The substitution of these expressions in (20) taking into account :

{10) gives ]

1
I— i

‘<a‘;a:,>=< @41 @it <g@,><amg; > (2D

Page 86.

Let us introduce the designation
<euan>l (22)
Ve '

rug=

- the standardized/aoraalized coefficient, which characterizes !

interaction APR au> and ai>. Index i indicates the number of section,
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indices 1 and k - number or tae channels:

L k20 [sp,

Coefficient rix can vary within the range of 0 to 1.

Prom (21) it follows
/ 1~1-Y|“'f:,~ >
| ey (23)
Mistf m/\ L=
dith the consecutive syataesis of diagraa, described in the
previous section, values miu, m; and ri; ara initial, and (23) gives

the value of efficiency in (i+1)-th section.

Transaission factor according to the povwer froa section i+1 to

section i of arbitrary AFR aist

<agja;, > . .
g, = {7 t{ = N4 _ |~ n; — . (24)
<ai+liai+l!> Nty 1~ nu+ el
In particular, if APR ara ortaogonal:.
Fey=0,
then from (24), (29 it follows: Nyy=n; g;;=], PoOver is transmitted by

the vertical feeders frcm (i+1)-th section to the i-th (Fig. 1A)

vithout the losses.

Above it was shown that if assignad AFR on the emitters are

mutually orthogonal, then all AFR were orthogonal in any section

diagraas.
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’ Thus, in this case efficiaacy of any channel according to the l
emitted power it proves to be to its equal own efficiency, caused by %f
i
the losses in the load of tais channel, which can be done how j
convenient small. 1
In the cass of noncrthogonality of AFR
ruj %0, L

9, <l
and according to (23) effaciemcy M aust grow with the increase of

index i.

In particular, uith.nu=l AFR Gii> and aix; they coipcide:
gij=1—ny
also, when nia—| ¢;;=»0, transaission of AFR ainj> from section i+1 to
saction i is absent, entire/all enerdy is absorbed in the load of the

i channeal.

On the strength of the rfact that value efficiency must be less
than unity, increase 17 with increase i is limited, that imposes the
limitation to a number of channels during their assigned interaction

or for interaction with the assigned number of channels.

Page 87.

de will obtain these limitations for a special case of diagranm

— vt = - e b e o
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with tha uniforanly effective caanaels during identical interaction

betvween themseslves of all APR:

on (23) all efficiency in the sacond section vwill be also

identical:

7\1’:1'
e =ﬂ:=n(]~_~ . a7
i vy Py (27)

Interaction APR in sacond section.

. . ) 1 et —] . aa
leh=‘;‘1— P aya, > | = T [ <auTi' Ty an> - (23
2 1

Prom (12) it follows

7’?‘7';“=[E—a;,-><a“]“=E,‘- a, > <ag

|~ <aya’ '
< ua“>

Is here used the known inversion formula of matrixs/die [2].

Thus, from (28) it follows that

. .
|
< a“a“ > < aua“, > !

b—n, -

) .
Fap = o |<ayar, >+
3

Grzat possible interaction (for any 1 and k)

M’ M\ ry(t—my -
rmm=rz=l_l<l'-‘ D). 2RI, ’:

s l—m, l—mn, Tﬂt'f';

The conversions of form (27) and (29) will occur with each

incraase in the nuaber c¢f section; therefore for arbitrary i
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2
Miet 7i—t ) 30
t‘l=1]£_l<l+————-l_l-'l‘—l )r ( )

_ N (I =M+ Miop 1)

-1

. @3

. P
L—n o+ g2

i=lv2: cot /) n.

Aith i=n from conditioca n~<<! and (30)

1

M) ST g (32)
Page 88,
By induction taking into account (32), (30) and (31) it is not
!
difficult to show that n1<1
—{n—+ lir

or

n"(ax = \)— .

l—tn=1nr
(33)

Foraula (33) establishes tnhe unknown connection/coamunication

between maximally achievable efricisncy of channels "meax, their nuaber

o and assigned interacticn of AFR r under the conditions (25), (26) .

2 this connection/ccamunication shows graphically.

MODIFIED SERIES CIRCUIT.

Let us consider the limiting case wvhen n.=I1(fi=0). In this case

the connection/comaunication in tae latter/last coupler of the i
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channel must be single; therefore the presence of teruminals 3*' and
a+1 (Fig. 1b) is deprived of sense and it is possible to reject/throw
them, Discussing similarly for 1, the 2nd and so forth of channels,
we come to the modified diagyraa, shown in Pig. 3a (two-channel

diagram of this form is given an (1)).

g
w28 X 15 17 -f 0 ueyz

b L

i e L
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Page 39,

The arbitrary i channel of tae modified diagram will have a
nuaber of outout terminals a-i+igm, where m - number of radiators

(Pig. 3b). Scattering matrix of this channel

l..m—i=1 1"..m—i
i i_ 0 < a, <0 |
I R
: a; (0] T ;
S,= m—i—1| e : (341
I l : ;
. — ! i
s T (0]
m—i |
[_ _
Here . - no longer syuare, but rectangular aatrix/die.
From unitarity S, wvwe will ootain:
<agua. >=1 33}
<a,T =<0, (36)
a,>< a..n - T,‘T: =L 1. (37\
T.T =Em_.. (38

during ths excitation of terminals 1*, ..., @m-i' the coluan of

amplitudes a¢..> on terminals 1, ... @-i+1 will be ths column

a,>=Ta_, > {39

{coluamanas < > and a..1,> have various ordery).
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FProm (38) it follcws
<gja;>=<a;9_,;> 401
i.e. th2re are no powar losses auring the transmission from section

i+1 to section i, as this 1s opvious and physically.

From thes absence cf poser lcsses aust follow that APR uu> and

a.>are orthogonal with any &+i.2>

Is actual/real, froam (36) and (39)
<a“vT:a“-i‘>=0 of

< alia_' > = O
3

with any %>

The relationship/ratio, necessary for the synthesis of its own

APR, we will obtain frca (38) and (39);
a . >=“:4:(1: >. 4

tb let us not=2 that equality (45) 1s cbtained feor arbitrary - .
but not for arbitrary ¢ .> and is applicable only for siailar @ - for
which by selection a-1> it 1is rossible to satisfy equality (39),
i.e., for “-'7  the ortnogonal ones with respect to & > (4], In

other words, w#with the help of this diagram it is possible to realize
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completaly accurately cnly «novingly orthogonal AFR.
Pag e q0.

Lat us show, however, thacv if assigned AFR ara not orthogonal,
then (42) gives best approximate solution in the sense of

root-mean-square deviation.

Best approximate solution of equ. (39), in the sense of
root-mean-square deviation, taxes form [ 3]
Gy >=TFa;>, » (43)
vhere T+ - pseudq—reve:sa aatrix/die with respect io T deterained

by equality [3]:

.. T"T‘:L T‘ =T‘.. (44}

Lat us present matrix/die '7;* 1an the foram of the block:

A,)'
_Ti—<‘<51'

vhere 4, - triangular matrix/dia of order m-ixm-i;

<8;- row.

Proan (3, page 64] we will obtain
Tr =& A+ B> <B]" (AB>), . (45)

vhere (A7B >} - block recordingy of matrix/die.

But from (38) we have
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) Al’ ~ . )
(ZIBI>) (<B: ) =[4A +B,>< Bl]= E,

therefore (45) can be preseated as
T+ =(4 B >)=T
and (43) it will be rewrittan as
ai+1/> =‘T: a”>,

that it coincides with (42).

Thus, for the synthesis of the modifiad diagram it is necessary
t0 use (42). If the given ones on emittar AFR are nonorthogonal, then
true AFR vill be nevertheless orthogonalized, but (42) will ensure
best approximation to required AFR in the sense of average quadratic.

EXAMPLE OF CALCOLATION BY MODIFIED DIAGRAN.

As the illustratica let us lead calculation of modified series

circuit with a number of emitters a=4, forming four orthogonal AFR.
Page 91,

Analy>gous APR can be obtainad on‘Butler's four-channel matrix® [ 1]:
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R - =1 —i46] —_
- —e 1
- 2 2
1 —us 1 +ig0* —i13s®
i e 1 s
ay > = L Ge>= D ag>S=]| 2
d ¥ 1 s i -isor
2 2 2 ¢
1 e 1 Ry
-2 - _ 2 - _ 2
-1 —ns’- '
—e
2
1 —ioo
?e
al‘ > ==
1 —i4s
—e
2
L
2 -

The first channel is designed directly on given ome 41> It is shown
in Fig., 4a. In the diagram are shown crosstalk attenuations and phase
shifts/shears in the degrees (phnase shifts are selacted taking into

account supplementary phase displacement on - wv/2 in the directional

couplers).

Matrix/die 7; takes the fora

V3 s — —L_ ¥ ! R
2 2)'3 2V3 2y ©
N — 0 - ! T i135° 1 1 145"
T } e - 1.
16 16
0 0 - L_ o
- 12 )23

For APR.in the second section we will obtain on (42)
0,577 ¢ 0,577 &' 0,577e"%
an > =] 0,408 ="' |: a3 >=| 0,643e''8% {; ap>= 0,6438226'5

- 148° ~i45° :
0,707e 0,568 0.5 ¢S

B ana
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Fig. 4.
Page 92.

Second channel of diagram 1s shovwn in Fig. ab. Matrixsdie T,
takes the fornm
. [0816e" —0,288¢7"% 0,5e7"%
T:=| 1350 135" |
0 0,866e13% 0,57 '
#e will obtain on (42) for AFR in the third section
0.707¢!13%° - 0,707
Qs > =" el > = .
[0.707.3-"35 "7 7 Lo.rore™
Consequantly, in the lattar/last node it is necessary to use the
directad coupler with 3-decibel connections/ccmaunications and the

phase shifts, shown in Piy. YaCh.
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CONCLUSION.

In pqnclusion let us nota that a selection of one or the other
type of the diagraam-forminy diagrams depends on the degree of
interaction éf assigned APR and permissible distortions of radiation
patterns. In the implementation c¢f orthogonal AFR the modified
diagram has an advantage before the usual both according to the
nuabar of elements/cells and on efficiency. With nonorthogonal
aséigned APR it orthogonalizes thea, respectively distorting
radiation pattarns. Normal series circuit in this case accurately

réproduces diagrams due to the decrease efficiency.
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Page 93.

Algoritha of the selection of the optimum location of the emitters of

linéar antenna array by tae method of coordinate-by-coordinate

sorting.
Yu. Kh. Vermishev, V. V. Gmurman, M. B. Zakson.

Is proposed the alyorithm of the global search of the optimum

location of the emitters of antenna array. Algoritham is approved on

the synthesis of the nonequidistanc gratings, optimum in doléfa-

Chebyshav's sanse, The obtained results exceeded the achievenments
earlier in other vorks. Is foraulated proposition about the possible

vay of the construction cf nonesguidistant gratings. '*

FORBMULATION OF THE PROBLEN.

Is assigned linear equal-amplitude, symmetrical, cophasal

grating with the radiation pattern
F6) = l+2:cos(2:u,-sin9). M

(L

vhers % - distance of tane 1 emicter from the centar of grating in

the vavelengths A; W 8 - direction 5f radiation/emission,

calculated off the norsal to tae grating.
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The position of central and outer emitters is fixad/recorded.

n=~-‘

——

2 i ]
vhere N - numbsr of eaitters.

Por the location cf eamitters are superimposed the limitations:

d, 2 0; (2)
damd

(]

Here d;=x,—x,_,; L - leayth of grating. Problea consists in

n~-dimensional euclidean space R:(x, €R, selecting of the initial
point, gradient search from waich would lead to the global ainimum of

the function:

— _LF (®)max |

@ vhere F(8)mex - maximum value of the side lobe of radiation pattern in

. the interval of angles Nw+{}k

F(0) - the value of tne m:ajor lobe/lug of radiation pattern

vith 90=0;

‘ 29, - vidth of the fundamental maxiaum of radiation pattern on

lavel of maximum side lcbhe.

!
P
!
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Pq ge 9%

Thus, discussion deals with finding of the location of emitters
in the nonequidistant grating, which has the radiation pattern, close
to cptimum in the sense Dol'f-Chebyshev.

METHOD OF THE SOLUTION. Examples of use/application.

The proposed m2thod is based on the use by computers. It

encompasses the following sequence of operations:

1, Selection of the initial location of the emitters of grating.

2, Displacement/aoveaent of first (near to ceantral) emitter
along aperture of grating vita step/pitch AL and salection of its

best position on criterion (4).

3. Selection by analogy of best position for second eaitter in

fixed/racorded positions of otners, etc.

Process cyclically is coatinued until at least one of the
emitters can to be placad to the following criteriom (4) position

vith this step/pitch of displacement/movement aloag the aperture AL.
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4, Obtained solution 15 used as initial approximation/approach

with gradient descent [1].

The described method was approved on the synthesis of lattice
row. First of all let us pause at the grating by the length 40X,
vhich consists of 21 isotropic eaitter with the half wvidth of
fundamental ray/beam py=0.04 and tae step/pitch AL=0.1x (no=sind,).
As the initial ones were undertaken three different cases of the

location of emitters.

Pig. 19 b, ¢ shows tae positions of emitters in the aperture of
grating befora and after conducting of operations on paragraphs 1, 2
and 3. ‘(in view of tha symmetry of grating is shown only the half

aperture. Central emitter - tae first to the left).

Initial location in Pig. 1a corresponds to equidistant grid with

distance of 4 batween the amitters, aqual toc d=2i.
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pf, " 20
/- - -~
2 - - >
i -0~ g - -
¢ —— ——o - ol
5 e—e >~— o
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a) ‘i oo e '::1‘ >—— - e
bw DA - [fpooee T
T e a— o - — e
T, . — il IS —
Pig. 1. Pig. 2.
Page 95.

Por this case, called further the case "a", Fig. 2 shows the sequence
of changing tha positicns of emitters in the course of fulfilling the

operations on paragraphs 1V, 2, 3.

In Pig. 1b as the initial is undertaken the polynomial location
during which interelemental distances d: vere calculated from the
formaula

di = ¢y + C1i 4 cai%, rI€ € ;_l; aq=—01; 6= +b.15.
Pigure 1c :6rrasponds to the case when all emitters of original

lattice (except central and extreme ones) are assembled in each half

aperture into one point.

Tha optimum locatioms of emittars, shown in Fig. 1o o, c, led
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after gradient descent of tnem (operation on p. 4) respectively to
the following values of maxiaum side lobe:
—12.3 36 —11.7 48; —11,948.

In this case the fpositions of emitters were changed they
unessantially and virtually correspond to the positions, shown in
Pig. 1. For an 2oxample Table 1 shows for the case "a" the optimun
location of emitters after full/total/conmplete
coordinate-by-coordinate sorting and subsequent gradient descent

(L'“OX) .

The comparison of the radiation patterns, obtained in all three
cases, shows that with thae full/total/conplete
cooriinate-by-coordinate sorting the side-lobe level reached weakly
depends on th2 selection of original lattice. (Radiation pattern for

the case "a" it is given in FiJ. 3}«

One should take into account, howevar, that this factor
substantially affects retrieval time. Thus, for instance, during the
initial pclynomial distripution was required
approximately/exemplarily three times less than cycles (cycle-
girder/drive of elament/call aicng the aperture), than in two

resaining cases.

Lat us note also tnat the gradient descent did not lead to an
essential improvement in tae resuits. Sidelobe leval was improved

Only by 0.2-0.4 dB.
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Table 1.
ity Homep ! | ’ { '
HaTyuate- . 1 ] ] 3| 4 5 6
Yo | i |

!
*”5;:3:; }o 798487wl 102691k.508611 ’4 468041}5.334091§ 6.166 216
1

(0 Howmep . . ‘
HAlyva- 7 8 i 9 ! 10
Tens | .
@Koopnu- | 7.8073 8.791 984 ] 10.050 493 !
HaTH X; I , “= a2 | 0.050 42 | 20,000 000

Key: (). Yamber of tadiator. (2). Coordinates.
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Page 96.

As the second example vas carried out employing the sanme
procedure the optimization of aoneguidistant grating with L=20X, ¥=21
and ug=0.05. Sidelobe lavel proved to be equal ~ 14 dB during the

optimum location of emitters, shown in Fig. 4.

Was also traced grating by leagth L=40X at different values of ug,.
Fig. 5 shows tha optimum locations of emitters with different widtnh
of the fundamental ray/beam ug. As one would expect, the expansion of
fundamental ray/beam leads to a decrease in the sidelobe level. The

ef fect of the width of fundamental ray/beam on the attained at the

optimization sidelobe level @ is shown in Table 2.
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Fuidr) i
y. .
3
N
75 f | M r‘ \
!
.-/30‘; u
|
[
Y 7«
Pig. 3.
Kay: {(1). dB. G aee 2 (=402
&——J/- - > >~ Uy=003
G e - %4 cy —o—ses . 4=a0y ]
i
Pig. “. Fiq. 5. ‘:
Page 97,

As can be seen from figures 1(a, b, c) 4 and 5, in the obtained
optimum gratings are absent tane interelemental distances less than
the value 0.5A. Furthermore, almost for all synthesized gratings is

characteristic the appearance of eyuidistant sublattices with a




e
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number of elements/cells from 2 to 6 with distances of 4 between then

within the limits 0.6)Xgd4€0.9A.

Thus, for the purpose of the reduction of the laboriousness for
computations as the initial it would be expedient to choose precisely
this group location of emitters. Furthermore, on the basis of the
rasults, one should, apparently consider that the search of optimunm

in a Dol'f-Chebyshev sense gratings with intereleamental distances

lass 0.5\, is unsuitable.
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TFable 2.
O’Uanuua ocHos- | I !
HOro ayua La | 0.02 " 0.03 ! 0.04
4 ‘ ’
3Havenne @, & —1U,5—11.5—12,0

Kay: (1) . Width of the fundamental ray/beam Uy. (2). Value ¢, dB.

INTESRAL EVALUATION CRITERIA OF LATERAL RADIATION AND ITS COMPARISON
WITH THE MINIMAX CRITEKRICN.

Por the evaluation/estimate of radiation/emission out of tke
fundazental ray/beam can be also used inteqral evaluation criteria of

the lateral radiation
i
S= fP(u) du, vhere u =siné. 5)
[

Aa improvement in the diagram on the integral criterion leads in
the considerable angular interval to its improvement and in the
mininax sense. Integral criterion is convenient when integral in the
right side of foraula (5) can be undertaken analytically, since this
allovs (approximately/exemplarily to tvwo orders in the case in
question) to reduce the time of calculation, since there is no need

for in the survey of radiation pattern in angular interval [ 94-7/2].

POPEPEEAPEAL

-
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Let us give several axamples of calculations according to the

intejral criterion.

Pig. 6 shows distributioan r, obtained by full/total/coaplete
coordinate-by-coordinate countershaft on criterion (5) with L=40X and

2y=0.04. As th3 initial was undertakenr equidistant grating.

As can be seen froam rfigyure, ewmitters with the varied position

formed equidistant sublattice wath distance of d, different 0.9\.

Page 98.

It is interesting that whan as the initial vas undertaken
distribution *. which is cthe yrouped in center equidistant sublattice
with d=0,9)\ (Pig. 7) furll/total/coamplete coordinate-by-coordinate
sorting according to critarion (5) it led to the solution, which

coincides with the initial distribution.

Th2 corresponding optiaum radiation pattern has a sidelobe level

-~ 12 dB with the width of the fundamental ray/beaa uy=0.09.

Por the more detailed research of the interconnection between
the intagral and minimax criteria wvas sat the special experiment

vhose results illustrates FPig. 8., Along the axis of the ordinates of

AR I At i Pt 23 paraRA b vt
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figure is deposited/postioned the value of function o along the axis

of abscissas - number of tne cycle of coordinate-by-coordinate

sorting on criterion @ Solid line shows a change in value ® in the

cycles with the initial equidistant grating. On each cycle wvas

checked also the value ¢t tne intayral criterion S. A change in value
S in the cycles is shown by tane dotted line (initial values S and ©
are acceptad as unity)., As can be sesn froam figure, the decrease of
value @ iaply and decrease of S. This it suggests about the fact
that for decreasing the recrieval time as the initial distribution
Aduring the optimization according to minimax criterion ® should be !

used the solution, obtained oa criterion S.

This assumption wvas checkad oased on the following exampla. Piyg.

Sc shows the optimuam lccation of eaittars after full/total/compleate

cooriinate-by~-coordinate sorting tae nmininmax criterion froa the

original lattice, vhich correspouds to FPig. 7.

As can be seen frca these fijures, the displacement/aovenent one

eamitter alone proved tc be sufficient in order to obtain sidelobe

|
|
{ 4

.

level . equal - 12 4B with tae width of the fundamental ray/beaa

d°30. 04.
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g 2 ¢ 200
|
Pig. 6.

I SIS T S U 'y PG S ] S

1 239 S56ra9mnrenr
(1) Hawep yumng

Fig. 3.
Key: (1). Number of cycle.

Page 99,

THE POSSIBLE WAY OF THE CONSTRUCTION OF NONEQUIDISTANT GRATINGS.

Generalizing the given apove results, it is possible %o
formulate the proposition accordiang to which the nonequidistant
grating, close to the optimua in a Dol'f-Chebyshev sense, can be

constructed in the form of the compination of equidistant sublattices

vith distances of 4 in the limits U.5A<d<X\.

On the bas2 of this proposition was produced the optimization of




'
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nonequidistant grating with L=50A, N=21 and ug=0.04.

As the initial was undertacen the distribution, which consists
of the combination of two egquidistant sublattices with the distance

bet ween emittars d=0.8\ (Fiy. 3a).

Por obtaining the final solution proved to be sufficient the

displacement/movement cnly of one alement/cell (Fig. 93b).

Por the comparison Table 3 gives for L=50A tha location of
emitters, obtained after yradient descent with the initial
approximation/approach, swhich corresponds to Pig. 9b, and also the
location, obtained with amalogjous initial data by the method of

dynamic programming [2].

Laet us note that as a result of descent the sidelobe level was
loveral with -12 4B to -12.5 d8. Tne obtained radiation pattern is
given in Pig. 10. Por the comparison dotted line here gave the

radiation pattern of grating, obtainad in work [2].

As can be seen frcam taole, gradient descent did not
significantly break laws governing proposed above the location of

enitters in grating.
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Table 4 givas tha ccaparison of the results, obtained by the

asthod of full/total/comfpleta coordinate-by-coordinate sorting, with

the data, undertaken frcm works |2, 3] (L=50X, N=21, uy=0.04).

A3 can be seen ftcl.{anla 4 tne method proposed is preferable

both on the laboriousness for computations and on the side-lobe level

reached,
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rPig. 9.
Tabla 3.
D) (20 Paccronuse x;
Hownep Y Y

H3dYuaTe ) MokoopauuarTumi y JuHdamuseckoe
| nepe6OD W DAAU-; TPOrPAMMHDO-
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!

58 44
39 67
23 61
97 94
74 335
. 61 21
42 78
20 62
99 38
. 81 40
5% 24 31
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Kay: (1). Number of emitter. (2). Distance. (3).

Coordinate~by-coordinate sorting and gradient descent. (4). Dynamic

programming.
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ThoLE Y.

) [3/'Gucao anpobu-
) JOCTATHYYHA | POBAAANX B
{1} ypoBeHb, 36, |mpouecce nouc-
" Meron | OOKOBHX ' |xa KOMGHHAUH1
| JienecTKos pacronome RRil
i HiIavVaaTenen
I

{9) [oauoro no-
KOOP IRHATHO-
ro nepe6opa

!
|
[5) Ansampuec- |
i
!
[

KOTo mpor-
DAMMUDOBAMHA
| MOIHQHLH -

posaHHui) {2]

¢) Metox pabo-
™ 3] . —8.5 ' 7000

Kay: (1) . Method. (2). Level reacaed, 4B, side lobes. (3). Number of
approved in process of search of combinations of locations a2aitters.
(4) . Pull/total/complate coordinate-by-coordinate sorting. (5).

Dynamic programming (modified) (2]« (6). Method of operation [3],
Conclusion/output.

1. Is proposed algoritnm of global search of location of
emitters in by linear nonequidistant antenna to grating, close to
optimua in ﬂol'f-Chebyshev's sense. As the basis of algoritha is
assumed the method of the full/total/complete
coordinate-by~coordinate sorting, with which is produced the cyclic
peramutation of emitters along the aperture of grating and the

selection of the radiaticn patterns, best froa the point of view of

the criterion accepted.
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2. In process of final adjustment of algorithm is traced
interconnection between intagyrai evaluation criteria of lateral
radiation and minimax criterion. It is established/installed, that
the process of search can be considerably accelerated, if at first
the minimization of naws on the intezgral criterion, and then on the

criterion minimax.
Page 101,

3. Besults, obtained during construction of series/row of
nonequidistant antenna arrays, and also comparison with previously

data reached testify about efficiency of algorithm proposed.

4, On bas2 of obtained results is formulated proposition 5:
according to which nonequidistant grating, clocse to optimum in
Dol*f~Chebyshev sense, can be constructed in the form of combination
of equidistant sublattices witn interelemental distances in limits

0. SACd<LA.
BREFERENCES
1. N. A. Martynov, E. D. Ustinov, S. A, Tsarapkin. Use/application of

mathematical programming to the synthesis of antenna arrays. coll. of
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Performance calculation of antenna radiation with the circular

aperture,.

L. Z. Pazin, Yu. S. Petreykov.

In connection with antenna with the circular aperture, field
distribution in which is assigyned by function (I—p#)", are obtained
axpressions for the radiation characteristics in the reqion of
approaching Frasnel, and also Zor the radiation pattern in the remote

zone in the pr2sence of guadratic ghase distortions in the aperture.
Thase characteristics are describad with the help of the
propssad in th2 present work functions of three variablas/alternating,

which are the linesar ccmbinations of the Bassel functions and Loanmel,

Ara examined examples of the use/application of the obtained

results.

Intraduction.

The use/application of cyiindrical functions of two

variable/alternating (functions of Lommel [1, 2, 6, 7]) makes it
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possible to determine the radiation characteristics of antenna with
the circular aperture in the ragion of approaching Presnel. Thus, for
instance, in the work c¢f dansen |3, %] it is shown that the
combination 5f the functions of Loamel U, (m, u)+iU, (m, u) describes
the radiation pattern ci avenly and cophasally excited circular
aperture in field indicated anove (in the works {3, 4] is allowed the
error in the dateraination of the first variable/alternating function
of Lommel, in the adopted thera designations one should assume/set

v=ka2/R=v/U4A). In work 5] is introduced the function

Wsm. = ()

i}/ om”

describing the antenna radiation pattern with the circular aperturs,

" {%[Ul(m, W = iUsim, w)l},

anplitude distribution of field in which is assigned by function

(1—12)n

In the prasent work are obtained the expressions for calculating
some radiation characteristics ¢t antenna with the circular aperturs
vith field distribution of fora ([—pr’)", which assume the use of the

tabulatad functions.
RADIATION PATTERN IN A REGION OF APPROACHING FRESNEL.

Piald at observation point M (Pig. 1A) let us determine with the
help of Kirchhoff's integral of the scalar function of field
distribution in the aperture:

—1Rr

Ly= i e a—\dippe™ I—ys, ()

N

3
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<hera A( p,) and (v =~ axisymmetric functions of amplitude
distribution and phase of field in the aperture with a diameter of
D=2r,; r - distance betweean tha point of aperture A and observation

*

point M:; dS= p«dpde - element of area of aperture.
Page 103.

Proa the examination of Fig. Lfvit follows that

oF %, si Y —
r.—_R‘/lf,'—?,‘—— “’“'"ec‘:“‘- %) (2)
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Page 104,

As is known [for 4], in tne reyiaon of approaching Fresnel it is

possible to assuae:

pace 4/

lX' Xa
o /z,
" Ao ZNl e
“ 5 ‘
\‘:/‘/ 2z ﬁ
M,
0,M‘=r?
»
Lt
r/)
J/’ Z,
, /0’ R
z
\/ M,
<  49=

- for tha denominatcr of tha integrand

r=R,

(22)
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- for the axponential fuaction in the numeratsr (by using

expansion }Tsgxl- -°2‘—)
2

r=R+%—p,sin6cos(%——(p,). (Rb)

Let us introduce the aesiynataions:

u=*kr,sind = the generalized aagular cocrdinata; (3)
t==€L - relative coordinate of the point of aperture; (4)
1 .
ke . .
m==7; - dimensicnless parameter (a "number of Fresnel"). CS)

It is easy to show that

m=2 ) (5a)

44
where A4=RA/2D2 - the "given distance", the parametar, usually

utilized in the examination of radiation characteristics in the near

zone of antenna [4].

Substituting (2a) and (20) im (1) and taking into account
(3)-(5), after simple conversions it is possible to obtain, loweriny

parmanent factors, the following expression for the radiation pattsrn

in the region of approaching Fresnel:

1T

Fuy={A®ne®" Jy ) e ® it (6)
0

I
\
;
!
!
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Subsequantly we will examine the functions of the iistribution only

of form A(t)=(I—piinand w(t)=gmf® or ({)=0.

lat us consider expressioa for the radiation pattern (in the
ragion of approaching Fresnel) during the cophasal excitation of

aperture (¢(r)=0) for the fora of the function A(t)accepted:

RPN

1
Fu) = ‘ (1 —ptY' Jo(ufye ? tdt. ¥4
0

Representing A(t) by powar series, it is pessible to record (7)

in the fora
Fluy=3 (— 1y Cptifet, . ' 8)
& )

vhere C! - binomial coefficieat;

1 —l g e - - -
o =fJyre. * ¢%a - g
Page 105. ¢ -

In appendix it is shown that integral (9) is led to the following

expression:

m

- -

2

(Wilg. m. w)— iWaig. m w) (10)

ey - &
v m

vhers W, (q, @, u) and W( 4, m, u) - function three

variable/alternating, deterained as follows:

-
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g—i | q=-1~g o
v =iw. -\ -~ S rE _.._’ .
Wog m o) ZiWelg m w) 2_[ L L_ncbq(m),

g=0 5=

v ](:i)ﬂ+'(-:7\,‘1g(u)+(:i)”}](—l)‘d(—}f“>

(g =9
=0

X%(%)u[b}ﬂ (m, u)—'_—iuz-r?(m' wlg=1 23 ..) (n

in this case

W0 m w)+iW, (0, m, u) =Uy(m, u) ZilUs(m w). (lla)
Taking into account (8) and (10) tae radiation pattern can be
recorded in the fora

-

Fla) = S—F, (). (12)
dhara
Fa@) = 3~ Y CLA o m )+ 1Walg, m )l (120
During the no;:19hasal excitation of aperture (Y({)=gm?) the
radiation pattarn also can be determined by expression (12), but
during replacement of a ou (m—2pm).Ln the case gm=- the radiation

2

pattern is described by known expression for the remote zone 1):

me=§Adeaoam (13)
P ~

FOOTNQTE t, The method of the definition of radiation pattern for the
remote zone at comparatively small distances (4<1), which foresees
the proper misphasing of aperture, as is known, it is proposed by N.

A. Yesepkinoy. ENDFOCTNOTE.

A
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Page 106,

EPFECT OF QUADRATIC PHASE DISTUBTIONS ON THE RADIATION PATTERN IN THE

REMOTE ZONE.

Assuming/setting in (6) a@a=0 and using materials of
application/appandix, it is possiblie to obtain the following
exprassion for the radiation pattern in the remote zona during the

quadratic phase distorticns in aperture (9(7)=@mf):
n ) .
Fuw = 2(— l)vcgpc[\vx(q. 2@ u}‘—i W’,( v 2@ u}] (14)
q=(0

e'®m

in this case as in (12), is omitted permanent factor 5 . Pig. 2 gives

Pm

the rasults of calculatiny the radiation patterns for case of n=1,
with p=0; 0.685; 1.0 angd ¢m=1}.u calculations were produced

according to the formula

F)=Ur(m u)—pWi(l, m w—i[ls(m u)—pW,s(]l, m, u)). (15)

T L e T T e g PRI 1= +0m. = oot et
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" F
' &

[74
@
as-
s 70A
é Pig. 2.
Page 107.

5o, for the comparison, are shown the radiation patterns for cophasal

aperture (¢gm=0), calculated by vahe foraula

F(u ——T \1(“)"‘ "" \g(u) (16)
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of that obtained from (13) by siapla convarsions,

PIELD DISTRIBUTION IN A REGLON CF APPROACHING FRESNEL,

In a number of cases 1s of interest amplitude-phase £field
distribution in the region of approaching Fresnel,
examined/considered usually in the planes, perpendicular to the axis
of aperture. 7e use given above expression (1) for calculating the
fiell at observation pecint M, iocated in plane p (see Fig. 1Lk). From

figure it follows that

r o
/ A a - _
r=Ryl_ﬂ*£_i&%#;E. (17

In the region in gquestion it 13 possible to assunme:

- for the denominator of inteygrand, as earlier,

r=R, (17a)
- for the exponential function in the numerator
= p‘g p§ P1Ps
r=R+ —+ = 1t — o).
" or TR e cos (@ — ) (178

Let us introduce designation 1t):

u=k,‘£-k_-_-m&. 318

y

POOTNOTE 3. It is clear tnat wnen ;<R u-kr‘_%'--to.sinu_ ENDFOOTNGTE.

Substituting (17a) and (17p) iato 1 and taking into account (4}, (9)

and (18), it is possible to optain the folloving expression for
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calculating the field in che region of approaching Fresnel:

ut -
i =i —

E~=ime—'ke %F(u). A (19)

vhera P (u) is d=termined by expression (12).
Page 103.

Lowering in (19) and (12) perwanent factors, we obtain
expression for calculating amglitude distribution and phases of field

in plane P of the regicn in guestion:

L ut

Fun=e :"'F(u)=i""‘_ e

{20y
in this case F4(u) one shoulu deteraine on (12a) taking ianto account

(18), with raplacement of m on im—2¢~ in the case y:' =g’

Pi3. 3 3ivas rasults of tae calcvlation of amplitudea-phase field

distribution for case cf A(t)=1-pt2 with
Ymn =0 p=0684 m=17(2 = 0.046).

Calculation was produced according to the foraula

— i [lam @) — pWye(l. m w))). 2h

P

o

i
!
t
i
i
]
{
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§
H
t
!
H

Pig. 3.

PIELD OF APPLICATION OF Td4E OBTAINED EXPRESSIONS.

2xpressions (12), (19) and (20} can be used for perforaance
calculation of radiations/emissicn in the region for which are valid
placed as the basis of their conclusion/output the scalar foraula of
Kircahoff and the approximations/approach of Fresnel. The boundaries
of the region of applying Kirchhoff's formula it is possible to
consider (4, 3] the region of anglas not more than 30° from the axis
of aperture and the distance to it of the order of his several
diameters, for example two ({3 ], page 9). The boundariss of the
ragion of applying the approximation/approach of Fresnel, i.e., I

representations (2a), (<b), (17a) and (17b), are datermined by
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amplituds and phasa criteriaa for permissible in this case errors [4],

vhich express through m, aad m,

Let us consider olkservation point M at the maximunm
removal/distance r, frcm the axis of aperture in the plane,
perpendicular to this axis, and let us assume, by analogy with [4],

criteria indicata2d equal to A/3.
Page 109.

This it indicat2s, in the first place, that all points of aperture
are visible of the point ¥ at angle not more »/8, in this case a
change in the factor 1/r does not exceed 8o,/0; in the second place,
that the differsncs between precise and by approximate values of r,
expressad in the phase angles, does not exceed r/8. It is possible to
shov that the maximum ligiting values of parameter m are aqual in
this case respectively:

a (2r _ n 2r. " 2/3
(2] me= T (2 @

where

Pij. 4 shows the defined by expressions (22) and (23) near
boundaries of the regican of approaching Presnel, and also the
boundary of the use/application of Kirchhoff's scalar foramula,

defined as

(]

M, o= -;-— ,—1, (24

undecr above condition accepted.




830134007

DaC =

~

(2 Same
TOUMEAEHL T

L SXQARDNOL
DOIM .78,
mepreIzz

]

(-’/ GEr22m6 ‘

RO VLIERLS g
FoLueny

t

{

~
o
AN

<
%

Xay: (1) . Boundary of the use/application of Kirchhioff'!s scalac

formula. (2). R2gion of approacaing Frasnel.

Conclusion.

Por the antanna with the syammetrical excitation of circular
aperture, the described gaolynomial of form (i—,in are obtained the
axprassions for perfcrmance calculation of radiation/emaission in tiae
near zone within the limits of tae applicability of the
approximation/approach of Fresnel, and also in the remote zone in the
In the

presence of quadratic fhase distortions in the aperture.

expressions
of three of

of the type

indicatad are used proposed in the present work functions
variablesalternating, that have integral representation

of the conversion of Hankel.
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The obtainaed r2sults can ne propajatad to any case of the
described by polynomial syametrical anmplitude distribution, and also
can be usad for the computation of transmission facter the energies

hetween the antennas in the near zcne.
Page 110.
Application/appandix.

Calculation of the integrals of the forn
!

). Jy (ut)ei
0

i 2o o
N TS

On the basis of knowan intagral representation for the functions

of Lommel [2] it is possiple to record

m

: 1 2 5
g=4““=fam0e oty 8 (iyx
0 m m
x{ Uv_!_l (m, u) :iUW__?(m, u)]. (. N
Let us show that also the intagral
1 . om
i - 1

’L"‘=Of-’v(w)e L (M. 2)

can be represented when p~vi(2¢g<!. analogously through some functions
Wyiife. m n)and W, 4q. m, n), expraessiag with the halp of the Bessel

functions and Lommel. We use for this method of integration in parts,

making it possible "to draw toyetaer'" the order o: function of Bessel

e

[PV SR
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and dagree t in the inteyrand. lat us use to (p. 2) the foraula of

it

integration in parts Swdc=wu—fvdm after assuming w=/, (uy, d,=e-% (di

As a result it is possible to obtain the following expression:

R
l‘v“’=¢:[e 2Jv<u)—<u+v—nl‘v““““"v“::”]v (1.3)

where the indices of the confronting in the brackets intsgrals are
already "approached" with tane 2xponents y(t) to 2., Applying to these
integrals and the furthter i1ndicated method (entire q of
integrations), it is possible to express integral (p. 2) through the
integrals of form (p. 1) /,./ym -'v4¢ and Bessel function

iy e, dyiqmy W) Pinally 4e aave

+

,! T
,Lu) = I:,V‘LQQ"” = \ Jv (w) & 2 t”'r?ﬂﬂ'l dt =
8

+i
=Py g m @) £ Wy gom, @) .4

wls

wvhers we have introduced functions three variable/alternating,

deternmined as follows:

=i [e¢—1—¢
WV-H (Qv m, u);i Wv+2 (q, m, L) = v [ V (2 i)‘ x
d -~

g=01! s=0
g (=t _fg=w )l
Xcg+l(.m) (q+,_s)!](-l)¢ l{—) oig )~
q ; g b1
. 2 3 g+ u- . ps
.H:,)OZ(_”xc:(;—) = (—;} [Lyager (Ma) Tily o o (m,u)]

=0
(g=1.23..). (1.5

e e et e
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>’ page 111.
With ¢=0

W, (0, m, u) tiw*“rl . m uwy=U,{(m, 8) U, (m, n).

Por the functions of the first aad second orders, with 4=1,

u\y .2 u . .
v, ({, m, u)=(-;) Ul(m,u)-,-—m-U,(m.u)—:J, (u); n.n
2 /u o\t X
We(l, m, u) = — —Uimu <+ ’—) Ug(m, u) == J, (u). irn.g
m L m
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Page 112.

Characteristics of two-amirror antenna, vwhich forms radiation pattern

of sum-and-difference tyte.

L. N. Zakhar'yev, A. A. Lemans«iy, A. Ye. Tumanskaya.

Is evaluatad the erfact orf diffractior phenoamena at the Presnsl
zone of counter-reflector on tae characteristics of two-amirror
antenna ([ slope/transconductance of the differential composing
diagrams, product slopes/transconductance to the coefficient of the
use 5f a surface (stalks) or tane sgyuare root from the stalks]. Are
given tpe maximum values of tne characteristics indicated which it is
possible to achieve due to the correction of the surface of
counter-reflector. Are given the parameters of the corracted
counter-reflector, whica correspond to the maximum values of the
charactaristics of two-amirror antenra with the sum-and-differance

radiation pattern.

Work [ 1] axamines the spacial fszaturas/peculiarities of shaping
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of field in the aperture of twWo-mirror antenna with the radiation
pattern of total type, are yivan the values of its stalks and
coeffinient of scattering, is proposed the method of an iaprovement
in the characteristics of two-airror antenna indicated. In contrast
to the majority previously the published works, the results,
oresentad in article [1)], are ocrtained taking into account the
diffraction distortions cf fieid in the Fresnal zone of

countar-reflector.

In this article with the nelp of tae mathod, described in work [1],
is conducted th2 analysis of tane characteristics of the two-mirror
antenna, which foras sum-and-differsnce radiation pattern. First we
will consider hov is distorted difrfearential field component in the
apertura of main mirror, let us compare the values of the
slopa/transconductance of the direction-finding characteristic of
antenna, which correspond to tne calculations of field in the
aperturs according to the gyeometric optic/optics and taking into
account the diffraction paenomena in the Presnel zone of
counter~-reflector. Then will be given the values of
slope/transconductance 5 aad products 1'%S. xS (x— the stalks of
antenna on the total channel), wanich can be achieved/reached in the

classical two-mirror antenna, and also due to the correction of the

sucrface of counter-reflector.

A—y it 1t
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Page 113,

Lat us suppose how 1n work (1), that differential fiald

component in the aperture of irradiator takes the fora:

Ho (0. @) = Alp. @) ey
Eyp @) =ZA (. ¢)ey (1)

whera

A{p) = Bl —qp*)pe " sing’,
p=p"b0<pg1;

2b - diameter of irradiator;

p'y#' - coordinate c¢f point in its aperture;

29 - impedanc2 in the aperture of irradiator;

B,q4,7 -~ parameters of amplituda-phase field distribution (1).

Considering as the given one power P, in the diffsrential
channel of antenna, let us determine amplitude B:

VA

12, (6—8g + 3t

4
B=+1

As in work (1], it is possible to determine field in the aperture of

the main mirror:

E(r. ¢) =E,(r. §)c, = E,(r, §) 2, (2)
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corresponding to distritution (1). According to the values of field
(2) it is not difficult to computa slope/transconductance S of the

differantial diagram of the anteana:

2n a |
_ k !0 ? —RsIn O ip— |

0 e |‘0==0

where ,;_o, _ diameter of counter-reflector;

D=2a - diameter of main ®mirror;
k=27 /).

Subsequently we will examine slope/transconductance S,
corresponding to the fundamental component of field in the plane

$=%2. values [S,wen: w@ will noraaliza to value

Smay = 7,85 (%)’ % )

- to th2 maximum slope/transconductanc2 of circular aperture [2],
which radiates the same fpower p, as the antenna in question. Let
us designate

v = 5, 'S nax- 6}
Expanded/scanned field expression (2) takes the sufficiently bulky
form and therefore it is notr brought. Value E(r,#) is expressed as
the sams special functicns, as fiell in the aperture of two-mirror

antenna with total type diagram (see [11]).
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Like tha characteristics of total diagram, tha
slops/transconductance of the diffarential radiation pattern of the
two-mirror antanna, made on tne classical diagram, as a rasult of the
diffrcaction distortions cf field in tha Presnel zone of
counter-reflector differ significantly from slope/transconductance,
which gives calculaticn of field in the aperture according to the
Jaometric optic/cptics. In order ta be convinced of this, let us turn
to the results of calculating the values E;0f¢) with ¢=a/2 and v
for the concrate/spacific/actual two-mirror antenna with the
parametars: D=54x, £=0,4D (hara and subsequently vwe will consider
that the irradiator is focused to the apex/vertex of

counter~-reflector and 2o~~d (1]).
Page 114,

Fig. 1 gives tha standardizad/anormalized values of the

slope/transconductance of the differential radiation pattern of the

antenna in question, calculated depending on pover level 52 on the

adge of counter-reflectcr at diffecent values of d/D. ?Proa Ffig. 1 it

follows that slope/transconductance y reaches maximum value V=Vmax=062
when ¢=03 and d=J.2D. If we in formula (3) supply

instead of £4(n.9) apprepriate yecaetric field distribution, it will




DOC = 80134003 PAGE o

seem that in this case when  §!=03 aand d=0.2D v=v=088. Thus,
due to the distortions of field in the near zone of counter-reflector
the r2al valua of the slops/transconductance of the antenna in
question is aporoximately/exsaplarily to 30o/0 lowar than value
V=%¥mesx One should note also thaat value d=0,2D,, which corresponds
v=vYmex» SOmM@What morz than value d~~0.16D, with which the antenna in

question has maximum of stalks along total channel {1].

In ordaer to clarify tne rsason for the disagraement between
vevmee ARd  Y=V% let us tura to the results of calculating field
distribution E,(r,v/2) 1nto the aperture of the antenna in
gquestion. Pig. 2 gives values |Ey(r. n/2)| (Pig. 2a) and arg Ey(r, /2) (Fig.
2b,d, curves 2), appropriate vV=vmex In the same figure for the
comparison ar2 given gecmetrooptical values |E, (s n/2)| (curve 1).
Comparing curves 1 and 2, it is not difficult to comprehend the
reason for the disagreemeant berween values ' and vm.. It is caused
by the stroang amplitude-phase distortions of field in the aperture,
In particular, because the airrcr i1s located in tha Fresnel zone of
countec-reflactor, almost for all points in his apsrture occurs
inequality |Evin a/2)|< E,(r. 2)|. As in the case of the diagram of total
type {1}, distortion of field it is not possible to substantially
decreasa by the correspondiag tuning of irradiator or due to its

displacesents/novenants, iHowaever, calculation they shov that value

v zan be incr2ased with the nelp of the correction of the surface




DOC = 30134008 PAGE T
238

of counter-reflector siailarly as 1s done in in the case of
twvo-airror antanana with tne tocal radiation pattern (1), If we in the

anteana in question due to the idantification of parameter g in field

distribution (1) or diameter of irradiator 2b irradiate the edge of
counter-reflector in the plane #=v/2 by power with lavel ¢ =01 and
then to increase the angle of irradiation 28,4, which ensures
countar-reflactor (i.e. to adecrease its eccentricity),
slcpes/transconductance v will first grow, reaching maxiaua, anid

then as a result of of the increasing "overflow®” of enargy of the

field through the edge of antenna aperture it will begin to fall.
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Pig. 4.

Page 116.

About this testify the results of calculating the

value
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jepending on angle 98,45 witn difrferent d/D, represented in Fig. 3. The
examination of the curves F1g. 3 saows that while conducting of the
corraction of the surface of ayperpolic counter-reflector indicated
valua Vv reachss maxiamuam v=1,=0.69 with d~=~0.2D and 26,=160°,
vhersas the angle of the irradiacion of airror with £,/D=0.4 is equal
to 1230, Thus, ths correction conducted makes it possibls to raise
value v  fro@ v=vmaz=062 to v=v;=069=117vmex Field distribution in
the aperture, which corresponds to the corrected counter-reflector,

it is shown in Fig. 2a and b (curves 3).

If antenna forms/shapes sum—aad-difference type diagraaz, its
fundamantal paranmetar is product »S or 17%S [«— stalks along
the total chann=21 in equisagynal direction, 5 - slopes/transconductance
in the zone of equisignal airection (BSN), since thae measuring ercror
of angles with the excess of the useful signal above the noise is
inversely proportional to value xS or , .5 (see [3]). Since the
parametars of corrected counter-rerlectors, which 3ansure nmaxinuams

» and diffar, it 1s expediasnt to find values 4,/D and 94, with
vhich are maximum prcducts « and ]} . Calculation shows that for
the antenna in gquestion waxiaum value ++=0375 1s reached at
d=0.13D and by 28,=160°9, In tnis case #=055, aand v=068 Tha
maximum of product 1 xv=05 takes the pace with d=( 0.15-0.20)for
D and 284=150°, In this case #z=0,54-0.55 and v=90,67-0,.68., In

connection with ths given results it should be notad that in tano
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two-mirror antenna with D=54x, £/D=0.4 carried out on the classical
diagram, maximum values xv aad ) v compose with respect 0.3 and

O. uu.

In conclusion let us presant maximum values y iy and Voo,
which can be achieved/reacined due to the correction of the surface of
counter-reflector at different D/\ and £/D, and also the parameters

of tha corrected counter-reflectors.

Pig. 4a and b gives maxiaum values v »v. } ., calculated in the
dependance or D/X. Unbrokan curves correspond to the focal length of
f=0.3D, and broken f/D=0.8. Curves 1 in Fig. U4a correspond to the
maxiaua values of slopes/traasconductance v=v. while curves 2 - to
values v. which occur witn maxiaum values | 7, and = The
maxiaum values of products 1 xv aad x are givea in Pig. 4b (curves

1 they correspond to maxiaum } xv, curves 2 - maximum xv).

Page 117.

The examination of Fig. 4 shows that for obtaining the maxiaunm
valuas .} » and »v tc mora prefarably use short-focus twec-mirror
anteanas. For axample, with D=(50-400)x and £=0.8D maximum product

L’;jon (10-5) o/0 is nacre than with £/D=0.8, and »w— 1s more on

{13-9) o9/0. In connaction witn this it must be noted that froam the

- "

:
'
'
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point of view of th2 realization of the maximum of stalks the

short-focus antennas and long~-focus in practice do not differ.

Tha param2ters of the corrected counter-reflector, in which
values .. 1§yf;y are maxiamum, yiven in Fig. 5a and b (at D=30.
pnaxinums V. ) ¥ and wv reaca virtually at the identical values of
4/D0, and maximums 1 2 and v also, at the idantical values 8,).
Solid lines in Fig. Sa correspond £/0D=0.3, and broken - £/D=0.8,
Curve 1 in Pig. 5b corresponds to aaximum slope/transconductance,

v=v. while curve 2 - to zaximus products } » and % The values

of angle 8,4, given in Fig. 50, virtually do not depend on D/\.

The results of calculation, repraesenta2d in Fig. 4 and 5, relata
to the counter-reflsactcr of hyperbolic form. However, tha
calculations conducted showed that the analogous values of values

Q,]/;v.nv can be obtained, if we use counter-reflectors of parabolic
and sphecrical form, after salacting their such that the surface of
paraboloid or sphere least would daviate from the surface of the

hyperbolic counter-reflector wWwnose parameters were given in Pig. S.

Tha calculations conducted showed also that even in the case of
*he idasalized irradiatcr, whicn forms the apetalous
sum-and-difference 1iagraa of zable-shaped form, it is impossible to

obtain values % } »v. »v. of thosa exceeding the values, representad
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in Pig. 4 and which correspond to the simplest diagram of irradiator

and to the corrected counter~reflector.
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Pig. 5.
Page 118,

Thareforz resul%*s of calculation, given in Fig., 4, can be
considered as the maximum characteristics of the two-mirror antennas,
which form radiation pattarns of sum-and-differenca type. It is of
interest to compare these caaractaristics of two-mirror antenna with
the analogous maximum characteristics which can be obtained w%ti the

s
help of the ant2nna, which has the circular aperture (see [2;4ttn.
Comparison shows that witan D=(50-400) X the given characteristics of
tvo-mirror antenna are inferior to absolute maximum values on the

slope/transconductance on (30-18)o/0 from parameter V' xS on (37-20)

o/0, from parameter xS on (50-37)0,0.
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Approximate computation of the suriace of a small mirror according to

the strains of large mirror in Cassegrain®*s antenna.

» Introduction.

A, L. EBEizenberg, L. A. Dozorets.

ﬁ Is examined tha approximate geometric-optical method for
calculation of the surface of a saall airror on the strains of larje

airrsr. the new surface of a saall mirror is defined as tha

superposition of initial surface and increments. Problea is solved

for the general casa of arpitrary ones, including of asymmetric ones,
the strains. Taking into account evenness and smallness of strains in
comparison with the linear dimensions of airrors are obtained simple

analytical exprassions for Cassaeygrain's antenna, Calculations showed

the sufficiently high accuracy of method.

As is known, in the procass of manufacture and operating the
large two-airror antennas the surface of fundamental (large) mirror

diffars froama calculated, whicn leads to the phase arrors in the

opening. One of the possible aatnods of fight with them - the




s @A~ b

poC = 80134008 PAGZ

a9
249

correction of the form of auxiliary (small) airror [1]. Logically
appears the problem of calculatiang the nevw (deformad) surface of a
small mirror according to the preliminarily measurad or calculated
strains of large mirror. The gecmetry of the mirrors of initial
aptenna is such, that for their calculation it is possible to apply
geometric-optical methods. In tae case of steady and small (in
comparison with the linear dimensions of azirrors) strains all
parametars, which are deteraining zthe applicability of gyeometric
optic/optics, vary unessentially; therefore for calculating the

deformed systaem also can pe used geomstric-optical aethods.

Por using the knovn methods of calculation of two-mirror
antennas (for 2xample, the metanod of wave fronts [{2]) it is necessary

to determine the first new surfaca of large mirror. In practice the

strains are assigned at discretesdigital points, in this case it i

comes not only the coordinate of tae points of the defeormed mirror,
but also the vector of standard in them. In general calculation is
labor-consuaing operation, since it is necessary to solve the
substantially three-dimensional problem (change in each of the
coordinates of a small mirror is datermined by a changs in thres

coordinates of large amirror).

Page 118.
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Purthermore, the orieantation of standard must be determined with
the high dagre2 cf accuracy, since in the process of computations it
is necessary to use with the larye lengths of optical paths and even
small angular errors will involve the considerable errors in the
determination of tha surface of a swall amirror. Hovever, the vroblaen
of rastoring the derivatives with respact to the discrete/digital
values incorrectly set, and usual methods of numerical
diffarentiation (for axample, differentiation of the interpolation of
Lagrang2 polynomial) can lead tc tne strongly distorted results. Most
precise (method of the regularization of A. N, Tikhonov) is very
complax and labor-consuming, since it is necessary to solve the
integral equations of PFredholm of tha first order with the disruptive
kernel. Furthermore, the linear dinensions, with which they use in
the process of calculation, are great; therefore independent of the
accuracy of the determination ot standard a relative error in the

computations amust be small.

In this work is posed the proplem - using evenness and smallness
of strains to obtain siapla analytical expressions for calculating
the corrective surface of a small airror. The essence of method
consists of the following. During the first stage by the values of
strains and their derivatives on tae large mirror are deterained the
shifts of the points of a small mirror and the rotation of standard

in thea. The deformed surface 1s considered then as the sum of the
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initial and of the obtainad increments. In this case it is not
raquired for the high accuracy cf coamputations, but result is weakly

critical to the arrors fcr aumdrical differaentiation.

Tha method in quastion makas it possible to find the coordinates
of points and the orientation of tne standards of the deformed small
mirror it is direct over the strains of large mirror and known
initial surfaces of both mirrocrs. In the work are obtained the
expressions in connection witn one of the most widely used types of

tvo-mirror systems - Cassagrain's antenna,
DETERMINATION OF THE STRAINS OFP A SMALL MIRROR.

Let us introduce into the exaamination spherical and rectangular
coordinate systems (Pig. 1). lae strains of mirrors we will count off
on the normals to the initial surfaces, moreover for the positive
ones let us taks saggings/deflactions inside. Then the equation of
the ieformed large airrcr is racorded in the form

5y =f1g' 2 + 3a(p, Weos T

Yy = [Qf tg—g—-An (¢; ¥)sin _;,"] cosy (1)

2, = [Qf tg-% — A (p; ¢)sin -;;] siny
vhere f - focal length of iaitial paraboloiad p,(q ¢) — the

instantaneous value of the straians of the surface of large mirror.
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Page 121,

de approximate the surfaca of the deformed large mirror in the
vicinities of the arbitrary poaint U, by paraboloid of revolution with
the axis, parallel to axis x (Piy. 2). The eguation of the latter in
general takes the fornm
Dix, y 2) =4F (x — A —
=8 —(—-0Cr=0 " (2
vhere F ~ focal length of the approximating paraboloid; A,8,C -

coordinate of apsx/vertex.

Lat us raquire so that both surfaces would have
general/common/total standard at point U,. Then from the condition of

the proportionality of directiocn numabers we obtain

0Dix. y,2) ODI(x, y, 2)
dx T gy T

L M -
oD (x, y. 2)
0z
- N ' 3

vhere direction numbers normals to paraboloid (2):

ad(x, y, 2) =4 0D (x, v, 2) —9(B_ aD(x, y, ) _ )
e =AM = = UB—y) — = =AC—2;

direction numbers ncrmals to deformed large mirror (1):

%s o Q6 % | - |2k &
dpaw dp 9 TR
L R LA R R EURE
92 92 Dx5 0% %95 s

09 99, de 9 | dp dy
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X,
. /Go
F-2 rx
Fig. 2.

Key: (1) . Initial parakoloid. (<Z). Approximating hyperboloid. (3).

Initial paraboloid. (4). Approxamating hyperboloid.

Page 122.

The front of the wave, raflected from the approximating

paraboloid, will be sptere witn the center at point A+F; B;C. To

transform it into the spherical front with the center in the
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irradiator can tha hyperboioid waose foci coincide with irradiator
and focus of the approximatiny paraboloid. The equation of this

hycrerboloid takes the fora

Vf—=2e—0 4y =2~ F—A—xP=(y—B—-i2=0(» =
= 2a,, (4)

vhera 2c - distance between tae foci of initial hyperboloid; 2a, —

real axis of new hyperbe¢loid.

From th2 condition of aguality the lengths of optical paths
along any rays/beans froa tase oganing to the emitter in the initial

and deformed systeas it 15 possible to obtainm (Pig. 2):

2, =1 (=2 —x,) - B-C—F—A—x,, {3)

shere

o et dAt —fad — 4fa — 44 — def 40— B C?
b {(a=-c—4)

2a - real axis of initial hyperboloid.

It is obvious that at certain point, which corresponds to point
O, (conformity is datermined on tae optical course of ray in the
leformed system), the deformed small mirror and hyperboloid (%) they
coircide and have general/common/total standard. Taking into account
smallness and evenness of strains, it can be assumed that point «,,
which li2s on the intersection of hyperboloid (4) it is noraal to

initial small airror at point W,y (to corresponding point U, of large
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airror in the raference systea); it also belongs to the deforaed

small amirror and, therefore,
) (Xor + A, cOST — [ + 26)F + (Jor — Ay sin 1 COS B — i

+ (Zor— Apsinysin ) — } (xgp—F — A+ A cosn—Ff + 20 — |

~ (Yo — B—A,sinncos $)? + (2o — C — A, sinnsin )t = 2a,, (6)

whera  fo =[—0:005¢. Yo, = P, SINQCOS @ 2, =pssingsiny — Co0oCdinates of point 4,
. s s . P . . -
of initial airror; Pr=-7j?:;;;~— radius-vector from point £;0;0,

the d3scribing initial paraooloid;

p— =9 _ focal parametar of hyperboloid;
a
e=- — 3ccentricaty of anypecboloid;
d
n = arctg Lmn;w — anyle, rormed normally at point %, of initial
s~

hyperboloid with x axis;

A=W\, — strain of a samall mirror.

Page 1213.

As can be seen frcm (3) and (o), strains of a small mirror are

the function of value and particular d=rived strains of large airrer

of the angles #» and v spherical coordinates. Let us expand 4&r in

Maclaurin series and, takiny 1nto account smallness and evenness of
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strains, we will b2 toundea by tad members of the second order. After
taking into account (3) ard

1 the appropriate conversions froam (o),

we will obtain expression for the strains of a small airror in

(5),
the fora
2 PO I
cos 5 cos 3 o T;.; G A
A= cos (p — - { )_
P —1 oS (@ — 1) \o0Q
! 1
e —lising A é.&n__ 9 - Pr ’a I
Peosig—m) "~ dg . '\i'w'
=sin- = Cos @ — )
2:g"(¢-mccs-‘—§~tl—rcos¢l
SInQEle =) - sind = — i hco;q: ] :
- & - -
- : An . (7
4pr cos (¢ — 1) "

DETERMINATION OF THE SURPACE OF A SMALL MIRROR.

2quations of the surface of tae deformed small wmirror it is
possible to record in the fora:
Xy =f—prcos ¢+ ALcosm,

Y = (Pr3iNQ — A, sin ) cos .
2y = (prsin@ — A.siny) siny

(8)

As noted ahove in practice of the strain of large mirror they

vere assigned 31iscretely, thererore, expression (8) makes it possible

to determine ths coordinacas only of the isolated points of the

Howevar, for obtaining the surface of small

daforaed small mirror.
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- airror it is nacessary to detarmine at th2se points also of standard.

Page 124,

Being guidad cosines tc surface (8):

(=92
Vo +S+1

1 V-7 |

" r

X f!-——'——:,—._A.:

‘ whera b -5t -T

{

| ldu. Ouy : 02, 02_,, | 0xy  Oxy ;
; op vy [0 Oy | log oy |
: Q=? o S= S
I 1 02y 02, | Oy Oxy Oyu Oy
| 109 dy lag av dp oy |

it is determined from (8).

As can be seen frem (6) aad (d), total differential of the
guides of cosinzs m, n | is the function of the amount of the

particular derived strains of large mirror. The rotation of standard

is conveniently counted off from tne radial plane, passing through
point W,. Without the limitation of genarality it is possible to

; consider that this plane coincides with plane Z=0. It differentiated

. . , 9 9,
(8) in terms of variablesalternatiag A 2:. -ﬁ; . after some

conversions wa will obtain increments in the guides of the cosines of
the deformed small mirror at point W, in comparison with *he

direction cosines of standard at point W, of the initial hyperboloid:

ks b e i R e
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_°P.
Alz_smncos 2 d ) sin n
Pie* —-2ecosq— 1)

[s’ sin-;i( %cow) —-a’cosq:sm—?—a(cos%sm’q:+

3 P 1 1
Raliee coscpsm—-—>m fpcos—)———SA J

0 |e

cos =

2 94,
Psiny dvy

Am=Alctgn, An=—

Thus the mathodolcyy of tne determinaticn of the new surface of

a small mirror consists c¢f tne Zoliowing:

1. On assigaed straias 3, of large mirror ac discrete/digital

points by the aethods of aguusecical diffarentiation are determined

94q
Ay

X . dA
partial derivatives ;ﬁ- aad
2. On known values and darivatives of strains of large mirror is
deternined shifts of pcints or small airror, which corrasspond to
points of large mirror in waica are assigned strains.
J. With ra3spect to known to juide cosines of normals to initial
surface and their change are detarainaed guides cosines of normals to

nav small amirror.

Pindings it is sufficiant for the construction of the surface of

————— e~

A b lalim b e ok e eshelmmiiiem s e e s
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nev small mirror.
fage 125,
NUMERICAL CHECKING OPF THE OUTALNED FORMULAS.

Por checking the accuracy of the brought-out formulas was
carried out th2 saries/rovw of anumarical calculations. Was exaasined
the case of axisymmetric gquadratic strains. In this case tha radial
sections of large airror are the parabola whose focal length is
excellant from the nominal, and the radial sections of a small airror
- hyperbola whose foci coincida eith the focus of new parabola and
the irradiator, the apex/vertax of hyparbola coincides with the

nominal.

As an example were carried out the calculations for the antanna
vith a diametar Ds=30 » with tae following initial geometric
parametars: 3; =0.333; the anyle of the irradiation of paraboloid
2go=147°5; tha angle ¢f the irradiation of hyperboloid of 28,=569;

the diameter of small mirrcor du=0,15.
Pig. 3 depicts the curves orf the dependence of strains and

maximum error 84, (error it 1s reduced from the maximum on the edge

of mirror to th2 zero on the axis antenna) in the function of strains
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on the edge of larga mirror. From the graphs indicated it is evident

that at low values 3¢’ the erccr is small. Thus, for instance, with
Ag=—30 nm =005 am. Is at the same time evident a rapid

increasa in the error witan an increase in the strains, Thus, with an

incr2ase in the strains troa +30 to +60 mm error grovs from 0.11 to

0.58 aa.
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Pig. 3.

Key: (1) . Brrors for comrutations. (2). Strains of small airror.

Page 126,

Por the cas2 of asymmetric strains vere produced comparative
calculations by the method propcsed and the method of wave fronts.
The graph of strains fer one of the radial sections is given in Fig.
4, From the curves indicated it a1s evident that data of both methods

coincide well.

- -

b .. 4
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CONCLUSION.

In this work is examined the approximate geometric-optical
method of calculation cf the corrected surface of a small mirror
according to the assigned initial surfaces of mirrors and the strains
of large mirror for Casseyrain's aantenna. Examination is based on
smallness and evenness of strains. Problem is solved for the case of

arbitrary asyaametric strains.

The shift of certain point of a small mirror and the rotation of
standard in it are determined on snift and rotation of the standard
of tha corresponding pcint of largys mirror. The unknown values are
obtained in the form of Maciaurin series for functioning three
variable/alternating: the shift of point of large airror and partial
derivatives of shift c¢f the aangles # and ¥ spherical coordinates. The
numerical calculations, carried out for the cases of asymmetric and
axisymmetric strains, they showed the sufficiently high accuracy of

aethod.

The calculation methaod proposed can be used both for the antenna

of Cassegrain and for cther types of two-mirror antennas.

et =72
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Page 127.

THE PHASE CENTER OF HORN BADIATORS.

V. G. Yampol'skiy.

In the article is examined tne procedure of calculation of the
phase responses of the directivity of horn antennae. By the expansion
of radiation patterns in the exponential series/row obtained simple

formulas for determininy the phase center.

Hocn antennas and their modifications are usel extensively in
the tachnology SVCh both as the independent emitters and as the
irradiators of optical-type antennas. Wide distribution received
conical and pyramidal horn radiators. Conical horn antennae possess
low side-lobe level, and their use provides usually satisfactory
results [ 1], [2]. R2cently propayation received conical horn antennae
#ith the axisymmetric radiaction patterns., The axial syametry of
iiagrams is provided usually by the execution of the internal cavity
of horns in the form of impedance surface with the high

resistor/resistance. Such irradiators provide an increase in the
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coefficient of the use of optical-type antennas and a decrease in ths
noise tamperature, Pyramidal aorn antennae are characterized by the

satisfactory directad properties and sase of fabrication.

As is known, for obtaininy the maximum efficiancy of antenna the
phase center of irradiator must be combined with the focus of antenna
systan, Optimur the position of irradiator is realized experimentally
- either by det2rmining its phase diagrams or by the immediata
determination of the dependence of the antenna gain on the position ]
of irradiator on the focal axis. Tais aethod of determining the
position of irradiator is very labor-consuming and does not make it
possible to determine the magnitude of losses of antenna gain due to
the residual/remanent noncophasity of field distribution in antenna

aperture, caused by the nonpointlike nature of phase center.

Por many md>dificaticas of horn antennae the task of determining

the phase center can be solved analytically?t,

POOTNOTE . Works [7]), (8] examine the solution of this problem for

some special cases. ENDPCOTNOTE.

This solution will make it possible to manage without labor-consuaning

and not very precise experiments, or to determine the "diffuseness"

of phase center and conaected with this decrease of amplification
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factor.

Page 123,

The antenna radiatica pattern with the circular opening at a
distance of R from its aperture, as is known, it is deterained by
axprassion (1), [3]:

F@) = )‘ ?‘E (r, @) e~ laarstnQes 097 g o (1
whers 9 - current angle; Ez;, #) - the field distribution in antenna
apertira; #' - angle between plapme of reference (#=0) and plane, in
which 1s determined the radiaticn pattern; k - phase coefficient,
determined by its own misphasing of horn and by misphasing, caused by

the fact that the directed properties of antenna are detsrmined in

k::EEi(J*__J_
2 T‘R)’

a - radius of the opening of norm, T - height of horn (Pig. 1).

the Fresnel zone:

{2

After decoamposing exponential factor e~ i3¥sinfose—e" jipn the
exponential series/row, we will obtain

1
2 (—naasme) j‘l E(r cp):cos" ((P—‘P') e—ilzr' rn+l drdq;.
0

J
(3)
Usually field distribution EB(r, ¢) is symmetrical relative to

Y

n=Q 0

any diameter of aperture. In this case from (3J) we have

1 om
F® = 2(— ) {aasin®¥ XgE(r. cp)cos”'(tp—-qa)e"'". A drd ¢,
L]

(nmv
fun)
)]

JEPREUU GRS USSR G, —
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After designating the coerficients of expansion (4) in teras of
sin 8 through ¢, we will ootain
F = S in3"*
(9) 203. sin*" 9. (5)
R
Let us normalize diagram #(¢9) to unity in the direction =0 and,

i after dasignating fg==dmh%=dL v will obtain
0

F(8) =\ dy,sin* 0. (6)

n=y
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Page 129.

In the axponential form tne expression for the radiation pattern
takes the fora
i Agysin?
F(@®) == : M
vhere coefficiants A;» easily are calculated through coefficients d,,
Por the coefficients with small o we have:

Ay=dy Ai=di—

X I.J“A

Coefficiant A, in (7) deteraines he curvature of function F(8)
in the vicinity of direction 8=0 (Fig., 1), the imaginary part of
coefficient A, characterizing the curvature of the phase diagram of
antenna, and the imaginary part of coefficient A, determines the

"diffusaness" of thka phase center of antenna.
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Lat us connect the position of phase center with the value of
coefficient Ia A,. Let at a distance of R fros the aperture of horn
the phase radiation pattern take the fora

®6 = » G2
(6) = Im A, 62. (8)
Th3 position of phase center i=st us designate througa O (?7ij.

1) . Then distance R' from point 0 toc sphere CC takes the fora

R =V R = x* + 2xRcosH. (9)

If distanc2 R, at whica is detarmined the radiation patterrn, 1is

considerably naore than x, we nave

R'=R+xcosG=R——x—xg. {10)

Prom condition aR +®(H)=const ¥e obtain the expression, which is
deteraining th2 amount of the sSnift of Dhase center relative <o the
aperture of horn, in the foram .

ax = 2ImA,. (i1
If distance R with the amount of the shift of the phase center

x, formula for determiring the latter commensurably takes the fora

2z R Im A
L= —2
@R —2im A, (12)

Obtained formulas (11) and (12) are valid only for the case whe
Im A,=ImAg=... =0. The presence in the phase diagram of the terms of
the expansion of higher crder leads to the fact that phase field
distribution is noncophasal during any selection of phase center,

noreover a difference in the real phase front from the cophasal
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increases with the growth 8, Iin cther words, the position of phase

center ds2pends on angle 4.
Page 130.

Disregarding tarms of expansioa into ®(9) above fourth, we will obtain

after the simple conversions

ax=2ImA,[l—i-9’I'—"44-9]. (13;
ImA,

Poraula (13) nakes it possibie to deteramine a difference in the
phase diagram from the ccphasal and connected with this decrease of

amplification factor.

Lat us switch over to the comoutation of coefficients 4.,. Let us

consider first the case of the uniform excitation of opening, i.e.,

In this case
! !
Caq = 20 (— 1)" feo® s‘ g~lkrt S gy {19)

(2n)!
0

The integrals, enteriny 1a (14), are calculatad in an explicit

form. Actually/really,
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FO = e ’ rdr = — e 2 hed
. 2 3 !
] =
2
I k sin—
Fa= (‘e-—w- " = 1"an"=L1’£ Y 2 15)
¥ den 2 dan & (13}
2

Hence we obtain fer coefficients of ImA, and IaA, expression

2 2]
ImAz=E§“)—(—;——ctgqi); (16

Imd, =@ __(@a)}/2 . kY
CT e ratiiraa iy an
Thus, for the case cf uniform field distribution on the opening
ve have for the amount of tne saift of phase center an expression

(18)

(ma)t (2 A
p (f———dg K

ax, =
t R 2

If the detarminaticn of radiation pattern is conducted in the

remote zone, than phase coefficient is determined only by its own

ai sphasing of horn and is egual to k=aa/2TZ2,

Por this case we have
=12t sk
! 5 dq2 . (19)

Page 131.

With small k formula (19) takes the form
X kS

-1 @0
Analysis shows that formula (19) it is possible to use during

misphasings of wave in the norn, aot large ». During the large
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misphasings the structure of tae paase front of irradiator ia the
linits of major lobe proves to be more complicated, and with its
approximation it is necessary to consider the teras of the expaansion
of higher order. In this case of phase center there does not exist

and the optimum positicn ot irradiator must be determined integrally.

Large interest is horn radiators with the axisymmetric radiation
pattern. In such irradiators field distribution in the aperture is
approximately determined by the eguality

E(rn @) =1—"r. @n

Coafficients ¢} for this case can be determined according to the

fornula

e =cl —cil 1 (22)

whera /) is determined by expression (14).

Lat us give the resultant expression for the amount of the shift
of phase center from the aperture of horn, excited by field according

to formula (21), in the foram

x 2
7}=:1' 1 ) 23)
T2 k3
[+ e
During the small misphasings
2_r
T 18’ (29)

Pormula (23) it is possible to use with k<»=-1.25»., Pig. 2 givaes

the dapendenca of shifts x,/T and x,/T on misphasing k. Dotted line
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dapicted the rasults of calculations according to approximate
formulas (20) and (24). From the figure one can see that with an
increase in the misphasingy the phase center of horn antenna is
displaced from the plane of apsrture to the throat, the amount of
shift in the case of uniform field distribution in the aperture 1.5
times approximately/exeaplarily exceeding the amount of shift for the

horn, excited unevenly [ according to the formula (21)].
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Fig. 2.

Page 132,

Thare is greatest practical interest in the case of exciting the
horn by wave H,,. Field distrioution in this case with a sufficient

degree of accuracy can he represented by expression [ 1]

Ern@)=1—(p+qcostq)r (25)

vhere p~1/3, 4~2/3.

FPor this case coefficients ¢:n take the fora

Con = (— 1)"-@.’1&5_ 2“] + 3 3 n 2+t
“ o | [ 11—+ goost ) Meosp — 00! . (26)
(U]

Lat us nota that io plame E of horn antenna angle g =»/2, and in

plane H #'=0,

Coefficiants ¢;n it is possible to express through known
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coefficients cll)!. those determined by formula (14). Then we have

for plane H

c<m=_<2"_—”_“_[522 (2n - Hn

2 (2n)1 _“wwf*q(%+m”0ﬂﬂ; 2n
for plane E
o = @ity — P, ] g (@8

2m (2n+2)11 Y

Calculating coefficients cin, we will obtain that the position of
the phase centar of conical horn with wave H,, is determined by

formula (11), whera

for plane H

2. :
e—i® 3 € —! + 5 ie""—]
i -+ “a
6k ' k3 3 ! . (29)
Im A, = Im IR — £ 1" a
T\Te “lYtI T
for plane E
e—ik et
4
2k [
A = im 30
Im 9 I % 3 1_e—”‘ ( )

Page 133,

During the small misphasings the shift of phase center can be

determined:
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in plane H

Xy 7 ..

in plane E
e _ 1 0104 @2
T 144 ’ ’

Pig. 3 gives the dependence of thz amount of the shift of the
phase center of the conical horn, excited by wave H,,, in two
principal planes. Dotted line in this figure gave the results of
calculation according to approximate formulas (31) and (32). From the
graphs it is evident that wita an increase in the misphasing the
speed of the shift of phase ceater in plane B mora than twice exceeds
the speed of shift in plane H. Therefore the equiphase frontal
surface of the emitted wave has different curvatures in priacipal
planas. This fact inevitably leads to misphasing of field into the
aperture of the antenna and to the decrease of the coefficient of its

amplification.

Por the pyramidal horns, excited by wvave fH,,, the radiation

patterns in principal planes take the form:

in plane E
—iaaE xsind—thxt

1
FO = je dx; 3
-1

in plane d
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! /q — a8, csinb —ikat
F0) = 5 cos (—5— x) e dx, (34)

vhers 2z and 2as - sizes/dimensions of aperture in planes E and H

raspectively.

In this case the integyrals, eatsring the coefficiants of
expansion FP(8) in teras of sin?@ are not calculated in elementary
functions [3). Por obtaining tne calculation formulas it is expediant
to use the methodology of tane approximation calculus of integrals,

given in (4] and valid wich k<ws.
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Page 134,

Final formulas for the shift of the phase center of pyramidal

horn with k<» take the fcrm:

b
o]

k*cos 0,28& ~ 0.1784% cos 0, 28%: (35

- ™
|5 & =

1
7 =

& c0s 0,22k ~ 0.091 %% cos 0,22 . {36)

=1
(<11

Pig. 4 gives the dependence or the amount of the shift of the
phase center of pyramidal square horn in main planes. From the figure
one can see that, as in the case of conical horn, the speed of the
shift of phase center in plane E considerably exceeds the speed of
shift in plane H. This doces not allow without the acceptance of any

further measures to ensure accurately cophasal field distribution in

antenna aperture.
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In conclusion let us note tanat the results of calculating the
location of phase centers were ccapared with the available in the
literature experimental data according to the phase diagrams of
conical and pyramidal hcrns, moreover the coincidence of results was
completely satisfactory. Fig. 3 and 4 depict as points the

experimantally specific positions of the phase centers of horn feed,

partially borrowed from [5] and [6 ]
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Page 135.

DISPERSIVE CHARACTERISTICS OF AULTITURN CYLINDRICAL HELICAL ANTENNAS

WITH COUNTER W4INDING.

0. A. Yurtsev.

In the article are exaainea normal waves in the multiturn spiral
with the contrary coil/winding. Is derived and is analyzed dispersion
equation, it shows that duringy the excitation of the first normal
wave the band coverage of aelical antenra increases proportional to a

nuaber of approaches.

Introdustion.

In works (1-2] it is snown that the cylindrical multiturn
halical antenna with the one-sided coil/winding (Pig. 1), excited in
the moda/conditions of the first normal wave (amplitudes of %he
currents, which excite agproaches, are identical, phases in the
ad jacent approaches differ to value 2wr/M, where M - number of
approaches), i* has axial airectional characteristic and polarization

in the direction of axis, close to the circular, irp the range of

frequancies with the coefficient of overlap AKy;=M-] In work [2] it is
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experimentally shown that tane same range properti-. possesses the
aultiturn helical antenna wita the contrary ccil/winding. In contr
to the spiral with the one~sidad coil/winding, this antenna dapend
on the method of exciéation has a polarcization close to circcularc
(right or laft), or linear, Tneoretically this antanna in 3zentione

work [2] %as not examined.

In this article on basis of the properties of symametry is
derived and is analyzed dispersion equation, are determined the
frequa2ncy boundariass of thne regionm of the existence of different
transaission 210des. On the basis of this are drawn a conclusion ab

the band coverage of multiturn nelical antenpna v¥ita the contrary

coil/winding.
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Page 136,

Symmatry of systea, transaission modes.

Lat us consider the system of waves in the multituran regular
spiral vith the contrary coil/winding, formed by the ideally
conducting tapes with the rectangular form of cross section. Let us
take the following designatioas: 4 - number of approaches, wound up
in one direction; 2a, S, @ - mean radius, step/pitch and winding
angla of approaches; A - width of belt along fbaxis of cylindrical
coordinate systam: r, ¢, 2, moreover A<<S/M and A<<\; 2a4 - thickness
of belt along r; e - temporary/time factor; o=0,¢ y - parameters
of medium inside, also, cut of ths spiral. The geometric parameters
of right and laft approacnes are identical, wvhich is impleamented
strictly, if system is the cylindrical metallic surfacse,

perforated/punched by the openingss/aperturas of rhoabic fora (Pig.
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2). In this case, naturaliy, between the right and left approaches in

the points of their intersections there is a galvanic contact.

1f ag<<a, then equality the geoametric parameters of right and
left approaches can be made approximately even in the absence of the
contacts betwveen them. It must be noted that froa the point of view
of the retention/preservation/maiantaining the properties of syammetry
and, tharefore, electrcdynamic properties, which escape/ensue froa
thea, the presenca2 or the aosence of the contact between the right
and left approaches plays no rola. The following presentation, which
concarns conclusion/cutput and amalysis of dispersion equations,
assumes that 1,/a<<1,. This is éllouad, just as during the analysis of
single-cut spiral, to seek fiaelds only in tvo partial regions (with

r<a and r>a), "joining"™ thea on the interface r=a.

The system of its own waves and their fundaaental propertiss are

determined by the symmetry of systeam.

R SO
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Page 137.

The spiral in question possesses the screv axis of symmetry
Caue;. FPisld and currents of sysceam with the axis of symmetry Ciua: in
the cylindrical coordinate systea r, ¢, z can be represented in the
form of sua 24 the so-called normal vaves, vhich satisfy boundary

conditions and designed according to the formulas of work [3]:

n —t (pe 22 4)
ﬂn¢n=l€ﬂn@ﬂe s (h
,y
e -1 ﬂ""w 2
J(r & 2)-—-2 JUr g 2)e I*=5 ) 2
vhera "
n=1—=M n,=M; 3

B - axial phase constant of zZerc normal current wave,

(—- - Punctions ¢" satisty the coaditions:
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() — alm ., S
e (r o 2=e . @ z+ 27); (4)
( 2 ‘ R
e"’(r, ¢+—;. z)ze M, @ 2) (5)

and, therefore, thay can be decoaposed in the Fourier series on
coordinate z (period is equal to S/2M):

< | —m2

9= Y e pe . 6

Mas
Reprasenting function e in tane form of the sum of the azimuth

three-dimensional/space harmoaics:
eg:) r. ¢ = z e;r:\), (r) e , @
Vo

on the basis (5) and (6) it is possible to record

na

v(v+ T} =tR v ont rae 120, =1 2., ®)
vhence

v=n+ UM,
Relationship/ratio (8) determines the spectrum of the azimuth

three-dimensional/space haraonics, entering in n-th normal wvave.

Page 138.

On the basis (1), (6), (7) and (8) it is possible to record

following field expression of the n normal wave:

E"= % T em(pe b, )
vhere Mo (e o
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2
50_'=5—%q; q=n—2mM, (10)

Functions J"'(. ¢. 2) satisfy the conditions, analogous (4) and (5), and

they can be represented in the fora

J®w o 2= 2 2 J'('px () e—iBptive (11)
M 20 e O

Conditions (4) ard (S) mean tnat the fields and currents at the
synmetrical points of systea in the n normal wave (point 1 and 2, 3
and 4, 5 and 6 in Fig. 2) have identical amplitude and are shifted
only on the phase., This fact in the absence of losses in the systenm
is implamented with the existence of the traveling wvaves of current
both in the rightists and in tae left approaches. The amplitudes of
currants in accordance with coadition (S) in the adjacent approaches,
wound up in one directicn, are identical, and phases in plane z=const
differ on

ap=22. (12)
Let us Jesignats the composite aaplitudes of currents in the right

approaches through (/', in the left - through /.

Condition (12) satisfy the normal waves: n-th and (n-H)-th;
therefore cannot be separately excited thea. Instead of these two
vaves should be examined the total field into which enter azimuth and

longitudinal three-dimensional/space harmonics with the numbers:

v=n+M g=n-+mM. (13
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Noreover instead of (3) it is necessary to take n, =0, np,=8-1,

Currents in the right approaches satisfy the conditions of right

helical symmetry; therefore in formula (11) for these currents is

satisfied ths condition:
z
vhers Az and A# - arbitrary saifts of spiral along Z-axis and on the

angls ¢. with which rigat approaches are combined themselves with

themselves (lx=ualgtga).

Substituting in (14) expression for g, we obtain -gAzZ+
“%?4A2vv3¢=-—ﬁAa whance j=—v. On the basis this expansion (11) for
curreants /' can be recorded in the foram

~i (ﬂ+ %' q) 2+1¢®

=X Imee : (15)

Mme=—uwm

vhere g=n+¢nM.

Page 139,

Currents in the left approaches satisfy the conditions of left
helical symaetry, and it is possible to show that for theam in

expansion (11) ¢=v. In this casa expression (1) is vritten/recorded

in the fora

=i (ﬁ—%" a 210y

I0=¥ Jmine

M —ap

116
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Thus, in a M- entry syametrical spiral with the contrary
coil/vwinding just as into the spiral with the one-sided coil/winding,
the field and currents in the approaches can be prasented in the forn
of the sum of the normal waves sach of which can be excited
individually. In any normal curreat wave both in the rightists and in
the left approaches are the traveling waves. Each longitudinal
three-dinensional/space harmonic of current is connected only with
one azimuth harmonic., The ortaogonality of azimuth
three-dimensional/space harmonics in the interval ¢ [0-2r] makes it
possible to sstablish/install tne connection/communication between
the azimuth and longitudinal three—-dimensional/space harmonics of
£fisld in the n normal wave and to obtain the dispersion equation of

ralatively phase constant p.

BOQUNDARY CONDITIONS., Dispersicn equation,

Using a m2thod of the electrical and magnetic vectors of hertz,
the components of vecter BE and H in the cylindrical coordinate systen
for the a normal vave in the spiral in question it is possible to

record in the fora (by prime is marked field with r<a, by two priaes

- with ra):

&
4

.
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H = 2 2 [ p"B'I ) —iwep,

!-—-u [ Y

X P Al

v

(pqr) I e~ BtV

H
w

i prlly (qu) e—lﬂqzi'lw

e M=m—

(- ‘ﬁ" AL, () = i oup, -

23 )]

tm—c m

XB'I; (pqr)} e—lﬂqlﬂw |

.M“

E== Y ¥ BAL@Ene T

(e Max—x

Page 140.

Field expressions with r>a are obtained from (17) by the replaceament:
o) =K, (pyr), A~ A" B =B,
wvher2 /y, and K, - Bessel function from the imaginary argument;
=)V BE—F k=0l
Integration constant A', A®, B', BY are found froam boundary

conditions with r=a:
H— H =i H —H = (18)
- l—l¢ ——Il

z '
|

vhere jo and ;. - components of current density on surface of r=a.
Considaring that density distrioution 5f current along the width of

the belt of approach is even, is absent transverse to the axis of

belt the component j (8<<\), ampiitudes in all approaches, wound up
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in cne iirection, are identical, and the phases of currents in the
adjacent approaches differ cto value A4H=E%%- on the basis (15) and

(16) it is possible to obtain the folloving expressions

» 4
Mciga  —ipz iw[ ; s s
= ——— e JFe -
a 2 0 Jo e

Mme=—wx

®

bt —iZ 1= q '
M _ige u¢[ + 's' S
— 2} e Jre

m=-—2

vhera j: - wave amplitudes of curraent in the right and left

approaches; g=n+aM.

Expressions (19) correspond to the case A=0 and it is virtually
valid with A<<S/M. The substitution of expressions (17) under
boundary conditions (18) reduces to the system of equations relative
to integration constants a*, A%, B¢, B", The anaiysis of this systen,
vhich uses a property ¢f the ortbogonality of azimuth
three-dimensional/space harmonics, shows that the constants A*', A",

B, B" will depend on coordinates r and # in tvo cases:

- when ¢=v and /}=0 (200

- when ¢g=—+v and J;y=0. 1)

Page 141,

1
]
!
|
i
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In these cases solution of system of equations gives the

following expressions for tne integration constants:
ITM(Byy B — i)

iweplyn

A =

K, (Pyy0),

JFMm -4
A = 0 (ﬁtq\’ﬂ ) /v(f’i.v"’)
iwepy,

. (22)
, — JgMctiga
B == T Kirno)
., — JFfMciga
==L ()
. ct T3 R
vhere piv=pzcia v piv=Vﬁ:-H—lz‘; v=n-+tM. (23

Phase constant B is determined from the dispersion equation,
which in the case, which corresponds to condition (20), is found from
the boundary condition, which reguiras aquality zero components of
vector E, tangent to the left approaches, since J;=0. This condition

takes the fora
£7 = E sing — E,cosa with , =a.. (24)
In the case, which corresponds to condition (21), dispersion equation

is derived froa the boundary coadition, vhich requires the absence of

the tangential component of vector E to the right approaches:

£, =E]sina —}-ff;cosa with r=a+ a,. (25)
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Prom expressions (17), (22) and boundary conditions (24) and (25) are

obtained the fosllowing twol dispersion eguations:

2 {1vr1 (Pev ) Kyt (P2v8Y) 1y Py @) Ky_y (Pgy 9Y)}

fom e .

2 l-IV(piva)KV(inav)

l=—a

=[(_2.)’ - l]tg’a, (26 a. 6)

vhers Y=1-+%}.
POOTNOTE !, Equation (26a) for wave number p.,. equ. (26b) - for s_..

ENDPOOTNOTE.
Page 142.
RESULTS OF THE ANALYSIS CF DISPERSION EQUATIONS.

The analysis of equ. (26), based on the phenomenon of
three-dimensional/space resonance 4], shovs that the equation with
the transverss wave number P-v (!62) determines the phase constants of
those normal waves, in which rescuanding are three-dimensional/space

harmonics with negative indices v. Equation with the transverse wave

number p-v (26b) determines normal vaves, in which the resounding
harmonics have v>(0. At the assigned value of n equ. (26) has infinite

so>lution set. Each solution determines the vave of field, in which i

r2sounds any three-dimensional/space harmonic. The wave, in which
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rasounds the haraonic wita index v, it is designatad below through
T4y In wave 7., resoundiag v- harmonic has the positive phase
speed, which coincides in the direction with phase wave velocity of
current in the approaches of spiral., In wave T_, the resounding

harmonic has negative fhase speed.

During the excitation in the nelical antenna of waves 74, where
v==!. is observad the mode of radiation/emission with conical
directional charactsristic. In the direction of th2 axis of spiral
the radiation/2mission is aposent. The mode of straight/direct axial
radiation/emission in the helical antenna is observed on waves 7_.. On
vave T, the polarizaticn in the direction of axis close to the left

circular, on wave T(,) - to the riyat circular.

On waves T_.;, in the spiral is observed the mode of reverse
axial radiation/emissicn with tne polarization in the direction of

the axis, close to the circular left or the right.

As it follows fror expression +=n+tM, of wave T.;, they enter
into first normal wave (n=1), waves /=-) - in (N-1) normal wave. For
the sxcitation in the spiral of each of these waves in the pure fora
the approaches of spiral must pe fed by the currents of identical

amplitude; their phases froa one approach to the next must vary

according to tha following laws:

e b i BT
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- for the vave..Z n = \p,=%(1_1),

- for the wave with n=M—| ‘P1=ZTT;(M—1)(I*—1)=—-E(I—I)
i l" v

vhere 1 - nuaber of apgroach.

Juring the excitation of approaches simultaneously by currents

n
i (=1 = i—n

e M and LQ*VI in the spiral they are excited with the
identical wave amplitudes 7., and T, simultaneously rssound
harmonics with indices v==!. polarization in the direction of the

axis of spiral will be linear. In this case sumnmed current, which

excites the 1 approach, takes foram J=Jg cos [2»/M(2-1) ]. The plane of
the polarization of radiaticn field in the direction of the axis of
helical antenna coincides with plapne passing through the approach

4
with 1=1.

Page 143.

The mode of straight/direct axial radiation/emission on waves
Ten 1is observad in the range of values ka, in which these waves have
the strong dispersion (in the ragion of the first

threa-iimensional/space resonance). Equations (26) make it possible



DOC = 80134009 PAGE 39g

to determine the frequency poundaries of the region of the existence
of different transmission modes in the spiral, regions of the strong
and weak dispersions of the pnase speed. The results of the analysis

of equ. (26) are reduced to tane following,

Tha real values Ba, which correspond to ground waves, are

arranged/located in the intarvals:

vUnga+ka<ﬁa<{fEy_l)dgﬂ_kaJ"!Q&) 27y
| v

Key: (1). for. Dictga — ka 8 (266,

vhere v{) =n+tM, vi(Z)=n (=M ¢t =0 =1 ~2..

In each of the intervals squ. (26a) determines the phasa
constants of waves 7vw, and T_,,, and 2qu. (26b) - the phase
constants of waves Ty, and T_y4y Qualitative form of the dependence
on Pa of the left P, (Ba) and right P, (Ba) parts of equ. (26) is shown
in Pig. 3. On the left boundary of interval (27) rasounds
three-dimensional/space haraoanic with number =|v(2)|. on the right
boundary - with number =|v(t¥I)|. Selecting corresponding to these
harmonics teras in equ., (26) and asymptotically summarizing those
remaining, that correspond to nonresonant harmonics, it is possible

to obtain the following expression for for function F, (Ba), valid in

interval (27):
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page 144,

Por tha purpos2 of simplificataon in calculations F, (fa) during the
computations of phase constants p on the left side of interval (27)
it is possible to isolate only v(1) member, while in the right - only
v(tF1)- , the others to sua up asymptotically. In this case

1

~ -2
Aym e tin—— .

In particular, this can be dona during the computation of the values
of function P, (Ba) on the boundaries of intervals - Q. During the
more approximate computations which, as a rule, give acceptable
accuracy for the practical uses/application (nonresonant terams), Ax it
is possible not to consider. Without account Ay is obtained the
following expression for Q,:

v (29)

; ‘szv.—-——_l.

Prom aqu. (26) and expression (29) are obtained the formulas, which
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are lgtermining values of ka, vaoica liait the domains of existence of
vaves 7., and T_,,:,. Belov ctnese values are designated through

ka7 and ka7 . Intersection P, (pa) and P, (Pfa) at points A and C in
Fig. 3 they correspond to values kaji, and 4a™ ., the contact of
these curves at point D!, whicn i1s replaced by the closely spaced
point D, it corresponds to values kal¥=kamer The values ka

indicated are determined by ta@ following approximation foraulas:

lwit)]

TR T ; (30)
V @ — W@a—tga
vt F1)|
gy e ; 3N
(1) }/ Qv u*”-f-tg’a-t(a.
ke bgmas +1
vy —v ity ™ Lw . ® (32)

l +sina
Tha region of strong wava digpersion T7T,, is limited by value
ko, , . approximately correspondiny to the passage of function P, (_34)

through point B, and it is detuermined by the foraula

ka' = [vit)|cosa
v ) ”.—-
| —sina

(33)

strong wave dispersion 7-,.., 1S observed in the entire domain of its
existence. We use the cbtained results for the analysis of the first
and (M-1) normal wvaves, which ensure the mode of straight/direct

axial radiation/emissioan.

Ifnto the normal vaves .indicated enter the wvaves of field
respectively 7., and T:(-iw:nm). PoOr vaves T,, of appropriate t=0,

n=1 and t=-1, n=4-1, from expressions (30) and (32) it follows:

kn;‘," =0; (34)

pgnax = (LT M cosa (35)
. 1 +sina
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The nearest to T,, transaission aodes from the side of greater ka are
vaves T_,i.n, from the side of smaller ka - vave 7_., Por vaves

T_(seem) £rOm (29) and (31) vwe nave

M _
kﬂ':‘_‘("* UM = e . (36
7 1 T o -2 ws
Por vaves T.., fros (29), (31) and (32):
o = O (37)
kaﬂld cos @
T | «-sina (38)

The region of strcng wave dispersion Tw=n is limited from the side of

high values by value #a',. deterained on the basis (33) by the
foraula 9
. CosS2 39
m;""'l-sina )

The qualitative dependences of the boundary values ka indicated
froan a are shovn on the diayraa Pigy. 4. On the diagram is shown also

dependence kaxp-—r-ctga. When kaz=kay; 4in the spiral are absent the

ground vaves. In the fijure 13 shaded the part of the diagraa wvhere
there are only vaves T,, and 1s cbserved the strong dispersion of
their phase speed. Values ka and a fros the shaded region provide the
node of straight/direct axial radiation/emission in the helical

antenna.

o
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The greatest width according to *the frequancy scale has the
region of the mode of straigat/direct axial radiation/emission when

G=qaopr. Yalue aur is determined from the equation

’”'y = m‘("*uq—m) (40
and it is equal to

QMM+ -2
MLV MM+ 17+ M

oo ke FONIER {7 A e T S

Coay > ArC ig (41)
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With M>2 valua Qs determined oy formula (29), close to unity;

therafore for the approxiaate coasputations in expression (31) it is

possibla to assuae Q,,.-,=!. In tais case instead of (36) we will
Obtain kemin (1 — M)cosa
—le=-M]~ T ‘l",\ ER
- sina

and equ. (80) gives the following value for uem:

(43

; M
Qonr 2 arCSIN —

-—

Values u, calculated according to formulas (41) and (43), are given

in Table 1.

as is evidant, virtually wath all ¥>1 for the calculation is

possibla to us» foraulas (42), (43). Substituting (43) into

exprassions (39) and (42), ve obtain the following foramulas for




7
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values of ka,,,, vhich liait the region of the moda of thas axial
radiation/enission:
=k a1 1. . —_
kal—ka*lﬁwl m'kag:kamm ~1’M+1.

=[x (1+M) ¥

vhence the overlap factor in tne frequency is equal to

kay M4+,
ka,
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Table 1.

: g'nguemm Roppe POCSIHTAHAWE
no gopwvy.ae

i
j
{ (40 NPT
]
{

1 16041 | 19907

2 | onr W
S % 36°50"

s a4z

Kay: (1). Valuas<1°nr calculated by formula.

Conclusion.

As a result of solving tae boundary-value problem it is shown

A

that tha multiturn spiral wita the contrary coil/winding possesses
the same range properties as spiral with the one-sided coil/winding.
Is theoretically found optiamua winding angle and corresponding to it
overlap factor in the frequency, which is confiramed well by the
experimental data of work [Z2]). The system of normal vaves, is
examined above, it makes it possible to analyze the effect of the
conditions of exciting the approaches on characteristics and
paraameters of halical antemna wita the contrary coil/winding. The -
normal wvaves, which ensure axial radiation/eaission in the helical

antenna with the right and left handed circular polarization, are not

depended from each other (eacs of theam satisfies boundary conditions
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in the system). This is allowed, varying the amplitudes of the waves

e

indicatad, to obtain any polarization over a wide range of

frequancies.

Page 147,
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